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PREFACE. 



This Memoir is designed to give sucli records of the thicknesses 
of strata in England and Wales, as are founded on reliable 
measurements of open sections or on results obtained from 
borings. The investigation, however, is not carried below the 
Permian group. The thicknesses of the Carboniferous rocks, 
especially as regards the Coal Measures, are already recorded so 
fully in other publications that it seemed inadvisable to add to 
the bulk of. this volume by repeating them. The older Palaeozoic 
rocks also' are left out of account. Their dimensions are always 
difficult and often im^possible to ascertain, nor would any prac- 
tical purpose "be served by attempting to do so. 

The records are grouped under counties and the counties are 
arranged alphabetically. The arrangement is not free from 
objection, for it involves the ignoring of the geographical posi- 
tion of the counties, and does not facilitate the tracing of the 
changes in dimensions undergone by each formation in its range 
through the kingdom. On the other hand, to have completed the 
account of each formation separately throughout its range would 
have involved much repetition, and would have rendered it diffi- 
cult for the reader to ascertain the sequence of strata likely to be 
met with at any one locality. Such confusion as may be caused 
by the alphabetical arrangement has been minimised by inserting 
the names of adjacent counties on each county map. 

Difficulties, not wholly unforeseen, arose after the work had 
been comrnenced. Discrepancies in measurements in closely 
adjoining sections or boreholes were in some cases so great as to 
raise doubts as to the correctness of the classification. In such 
formations as the Selbornian for example, the plane of separation 
between the sandy member (the Upper Greensand), and the clay- 
member (the Gaxilt), is ill-defined and is not likely to have been 
placed at the same horizon in independent observations. While,' 
therefore, there are great variations in the recorded thickness of' 
either of these members, the aggregate thickness of the two 
together is a more significant measurement. 

That rapid variations would have to be recorded in the sub- 
divisions of the Wealden was anticipated. Not only do the sand- 
and clay-beds graduate one into the other, but the subdivisions 
shown upon the Geological Survey Map all, more or less, have a 
lenticular form. Of the Oolitic subdivisions also few lend them- 
selves to a precise lithological definition. 

The general question of correlation has not been touched. It 
would be out of place for example to enquire what strata in the 
Southern Counties correspond in age to the Tealby and Speeton 
Beds of the JE^orth. The practical purpose is served by record- 
ing the dimensions of each in their respective districts. 

The occurrence of unconformities raises a more serious ques- 
tion from the point of view of the scientific geologist. A large 
proportion of the records are founded on boreholes. Fossil 
■evidence is generally scanty under such circumstances, and there 
has seldom been sufficient opportunity for studying the relations 

(3804.) Wt. 323— 3. 500. 3/16. J.T.&S. a. 14. 
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of the formations to one another. Without doubt, gaps ranging 
in magnitude from a pronounced unconformity to a slightly 
incomplete sequence, frequently occur. It must not be assumed, 
therefore, that the records give the full development originally 
attained by the formations in all localities. Tor example, in the 
Richmond boring (p. 135), 8Ti ft. does not represent the original 
development of the Oolites; a part was removed by denuda- 
tion before the Lower Greensand was laid down. On the other 
hand, this and other records furnish evidence of the position of 
a shore-line along which the Oolitic sediments were deposited, 
and past which some of the Oolitic formations never extended. 

Each section of the Memoir is accompanied by a map of the 
county or counties described. All names mentioned in the text 
are inserted when possible, but not necessarily all towns. The 
maps are intended merely to enable the reader to locate the 
records. They show also the divisions of the New Series one- 
inch maps. 

The preparation of the Memoir was originally undertaken by 
Mr. C. Fox-Strangways. When he died, before a commencement 
had been possible, it became necessary to disti'ibute the work which 
he had proposed- to carry out. The considerable task of collecting 
records from the publications of the Geological Survey was in the 
main performed bj^ Mr. T. V. Holmes, formerly a member of the 
staff. The further work necessary in bringing the records up to 
date from other sources, published or unpublished, in selecting 
and tabulating the data and in writing the explanatory text, was 
carried out by members of the staff. 

The Counties of Bedford, Cambridge, Cumberland, Durham, 
Gloucester, Huntingdon, Lincoln, Norfolk, Northam^pton, 
Northumberland, Somerset, Suffolk, Warwick, Westmorland, 
Worcester and York, with North and Soiitli Wales, were dealt 
with by Mr. W. B. R. King. Five Counties, namely, those of 
Derby, Leicester, Nottingham, Rutland and Shropshire, were 
written by Mr. D. A. Wray; Buckingham, Cornwall, Devon and 
Kent by Mr. H. Dewey ; Cheshire and Lancashire by Mr. W. C. 
Simmons before his resignation, and Wiltshire by Mr. C. H. 
Cunnington. For the remainder I am jointly responsible with 
Mr. Holmes. 



Geological Survey Office, 

Jermyn Street, London-, S.W., 
2nd December, 19.15. 



A. STRAHAN, 

Director. 
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JIEDFOHDSHIRE AND NOETHAMPTONSHIBE. 

Fig. 1. Bedfoedshibb and Northamptonshiee. 




Superficial. 
Alluvium and River Gravel. 

The part of Northamptonsliire which lies north of Peterborough 
is covered by fen-deposits of gravel, silt and peat, to a thickness of 
about 15 ft. 

In the valleys of the Nene and Ouse the gravels reach a thick- 
ness of 30 or 35 ft. (10). 

Glacial. 

The glacial deposits generally consist of boulder-clay with 
underlying gravels. The gravels, when present, range from 20 
to 40 ft. in thickness (10). 

The boulder-clay varies from a few feet up to more than 100 ft. 
In Bedfordshire exceptional thicknesses have been found at 
Henlow, 376 ft., Northill, 104 ft., and Woburn, 106 ft.; in 
Iforthamptonshire at Rushden, 16 ft., and Clapton, 114 ft. 



BEDFOHDSIIIHE AND NOETIlAltPTOXSIIIRE. 3 

Buried channels have been recorded near Northampton, by Mr. 
Beeby Thompson ; and " at Furtho an old valley of the Ouse has 
in its midst boulder-clay to a thickness of 100 ft. or more." (7). 
The drift at Henlow extends to a depth of over 200 ft. below sea- 
level and is thought to occupy a channel which has been traced 
past Hitchin. 

Eocene. 

The Reading beds form a few outliers in the south of Bedford- 
shire. They have a thickness of about 10 ft. 

Cretaceous. 
Chalk. 

Only the lowest beds of the Upper Chalk occur in Bedfordshire. 
The greatest thickness present is probably not more than 100 ft. 

The Middle Chalk has a thickness of about 220 ft., of which 
160 ft. may be assigned to the Terebratulina Zone and 60 ft. to 
that of RhynchoneUa cuvieri (6). 

The Lower Chalk is 200 ft. thick, 80 ft. belonging to the zone 
of Ammonites varians and 120 ft. to the zone of Holaster s\ib- 
globosus. The Totternhoe stone has a thickness of 20 to 22 ft. (6). 

Upper Greensand and Gault. 

The Tipper Greensand has a development of about 20 ft. near 
Totternhoe but is absent over most of the county (10). 

The Upper Gault is estimated as being between 25 to 30 ft. in 
thickness (9, 5), and the Lower Gault as being from 150 to 180 ft. 
(5). Another estimate gives the Lower Gault as varying from 
150 to 280 ft. (9). ^ 

The total thickness of the Gault may be regarded as ranging 
between 300 ft, in the south to 150 ft. in the east (10). 

Lower Greensand. 

The Lower Greensand near Leighton Buzzard and Woburn may 
be from 170 to 280 ft. (10), but it thins to the N.E., being only 
a few feet thick in parts of Cambridgeshire. 



Oolitic. 

KimTneridge Clay. 

This formation is found only near Ampthill, where 10 ft. of 
the lowest beds are believed to be present. 

Ampthill Clay. 

The Corallian beds are represented in Bedfordshire by the 
Ampthill Clay. One estimate gives the thickness of that bed as 
200 ft. (1), but other records give from 40 to 60 ft. (10). The 
Ampthill section shows that there it amounts to 61 ft. (4). 



4 BEDFOEDSIIIEE ASD jS-ORTHAMPTONSHIKB- 

Oicford Clay with Kellaioays Beds. 

The -Oxford Clay, in the absence .of proof derived from .borings, 
has been estimated to have a thickness of 400 to 500 ft. (lO), Or 
300 to 400 ft. (9). About 10 to 50 ft. of strata are assigned to the 
Kellaways beds (9, 10). 

Cornbrash. 

This rubbly limestone varies from 2 to 15 ft. in thickness. Near 
Bedford it is a single layer of rock (3). Through Northampton- 
shire it is about 5 ft. thick, but near Peterborough it expands to 
about 15 ft. (10). 

Great Oolite Clay. 

The Great Oolite Clay varies from a few feet in Bedfordshire 
to 10 to 20 ft.. in Northamptonshire (10). At Thrapston it is 
12 ft. thick (3)'. 

Great Oolite Limestone. ' ' 1 ' 

This rock averages 15 to 30 ft. in Bedfordshire (11), while in 
Northamptonshire it is generally 25 ft. thick (10). It seems to 
be thinning northwards, as only 7 to 16 ft. are recorded in borings 
in the Peterborough district. , , 

Ufper Estuarine Series. , 

The Upper Estuarine Series of Bedfordshire varies from 15 ft. 
to a little over 30 ft. Near Northampton the thickness is 15 ft., 
and near Bedford 27 ft. (3).- 

Ldncolnshire Limestone. 

■ This is an oolitic limestone of variable development. . It is 
absent in Bedfordshire but reaches 80 ft. in the northern part 
of Northamptonshire. It is absent at Peterborough and 
Oundle (10). ' 

In the north-western part of Northamptonshire the basal part, 
for a thickness of 2 to 10 ft., is sandy, and constitutes the Colly- 
weston Slate (3). 

Northam,pt6n Beds. 

These sands have a maximum thickness of 70 or 80 ft. The 
general thickness is about 14 ft. in Northamptonshire. 

Some 12 ft. of sands in Bedfordshire have been referred to this 
horizon, but they are known only in borings (9) . 

LlASSIC. • 

The Upper Lias of Bedfordsliire is between 60 ahdJTO ft. thick 
(10). Near Northampton, 180 to 190 ft., in the south-west of the 
county 140 ft., and in the north-east, towards Peterborough, only 
about 85 ft., represent 'the thicknesses of <!lays assigned t« this 
subdivision. ' . ' 

The Middle Lias, so far as regards Bedfordshire, may .have 
a thickness of 97 ft. assigned to it. ...: [ 
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In Northamptonsliire it has a thickness of about 100 ft. At 
Ortonl west of Kettering, a boring showed 6 ft. of Marlstone and 
112 ft.: of Middle Lias Clay (2). 

The Marlstdne group ranges up to 21 ft. at Northampton and 
40 ft." in the western parts of the county (10). 

The Xio'^yer, Lias is about 500 ft. thick in Northamptonshire. 
The Upper Clay group is about 350 ft. and the Lower Limestones 
and Clay group about 150 ft. (2, 10). 

At Orton the Lower Lias was 531 ft. 

, . ■ . . Triassic. 

The Rhaetic beds have been found in four borings in North- 
amptonshire. The united thicknesses of the White Lias and th« 
black shales .amounted to 36 ft. at Gayton. At Kingsthorpe 
20 ft. of conglomerate containing limestone-pebbles are recorded 
as occurring between the Lias and Trias. 

The .Keupei" beds consist of red marls, ^andstone^ and con- 
glomerates. At Kingsthorpe they were sunk into for 87 ft., and 
at Gayton and Orton were proved to be 82 ft. and 27^ ft. respec- 
tively. ■ 

The Bunter was absent in all the borings. -'■ 
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Table of Strata exyoseai or proved in borings. 



Superficial. 



Eocene 



Cretaceous 



Oolitic 



Liassic 



Alluvium, Gravels, &c.... 

Upper Bagshot Sand (top absent) 

Bracklesham Beds ..; 

Lower Bagshot Sand ...- 

London Clay ... ..] 

Reading Beds i 

Upper Chalk .' 

Middle Chalk i 

Lower Chalk ... ... 

Upper Greensand, 30 to 75 ft. ) Selbor- 

Gault, 190 to 264 ft. ... 5 nian. 
Lower Greensand ... 

^Wealden . ... 

^PurbeckBeds ... .... 

Portland Beds ... ... 

Kimmeridge Clay 

CoralUan ... ... 

Oxford Clay, about 

\ Corn brash 

Forest Marble ... 

Great Oolite and Upper Estuarine Series 

Inferior Oolite ... -...' 
^Northampton Sand 

("Upper 

.Middle ... ... ,.., 

(Lower 



Thickness in 
feet. 

to 200 
40-60 
100-120 
50-350 
70-90 

300-340 
150-200 
200-240 



Proved in borings only . 

(Rhaetic 

■■■ iKeuper Marl ... • ...■ 

Palaeozoic 



Triassic 



{ 240-300 

0-100 
0-50 

up to 4 

0-100 

100-200 

80-100 

450 

10-21. 

18-38. 

100-180 

7-36 

0-17 

14-82 

65-100 

447 



0-467 



Attthobitie.s. 

1. The Geology of the London Basin, Mem Oeol. Surv., vol. iv, 1872. 

2. Cretaceous Rooks of Britain, Mem. Oeol. Surv., Vol. i, 1900. 

3. „ „ 21 em. Oeol. Surv., vol. ii, 1903. 

4. ,, „ Mem. Oeoh Surv., Vol. iii, 1904. 

5. Jurassic Rocks of Britain, Mem. Oeol. Surv., Vol. iv, 1894. 

6. „ „ Mem. Oeol. Surv., vol. v, 1895. 

7. Water Supply of Berkshire, Mem. Oeol. Surv., 1902. 

8. Water Supply of Oxfordshire, Mem. Oeol. Surv., 1910. 

9. Geology of Oxford, Mem. Oeol. Surv., 1908. 

Superficial. 

The superficial deposits vary greatly. Thus, near Old 
Windsor Loci, valley-drift (gravel and sand) was 16 ft. thick; 
at Clewer Green, valley-drift (clay above gravel) was 8 ft. ;.and at 
a brewery in Thames Street, Windsor, 25 or 30 ft. of gravel lay- 
on Chalk (1). I 
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Fig. 2. Bbbkshiue and OxioaDsmaE. 
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EOCENE. 

Bagshot Beds. 

In Berkshire the Bagshot Beds include an upper division of 
buff or whitish sand which occurs in outliers only, and of which 
the full thickness is nowhere present; a middle division, known 
also as the Bracklesham Beds, which consists of yellow and green 
glauconitic sand and brownish laminated plays, and attains a 
thickness of 40 to 60 ft. ; a lower division of brown or white sand 
with thin beds of clay, which reaches a thickness of 100 to 120 ft. 
in the south-eastern part of the county, but is not so thiclv else- 
where. 

The greatest thickness of Bagshot Beds traversed in one boring 
was found at Wellington College, Sandhurst, where the Upper 
Bagshot (top absent) and the Bracklesham Beds together 
accounted for 82 ft. and the Lower Bagshot for 110 ft. (7). 
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London Clay. 

In Berkshire the London Clay, reaches its greatest development 
of 350 ft. towards the east and dwindles thence to little more than 
50 ft, in the western part of the county. The following thick- 
nesses in feet are extracted from well-records and are arranged 
in geographical order from east to west : — Old Windsor, more 
than 197; Ascot, 3491; Wellington College, 346; Wokingham, 
more than 273 ; Woolhampton, 176 ; Sandleford, 1181 ; If ewbury, 
61; Inkpen, 52. The thickness at Sandleford as compared with 
that at Newbury indicates a southward expansion, which is 
rendered probable by a consideration of the development in 
Hampshire (p. 66). The identification of the top and bottom of 
the London Clay, however, is difficult in boreholes (7), and the 
thickness at Newbury may be slightly greater than that given. 

In Oxfordshire the London Clay occurs as small outliers only. 

Reading Beds. 

In Berkshire the Reading Beds consist of variously coloured 
clays in the upper part, with a thickness of 30 to 50 ft. ; and of 
brown or green sands in the lower part, with a thickness of 20 to 
40 ft. The total thickness varies from less than 70 to 90 ft. 

Borings at the following places have proved the full thickness 
of Reading Beds. The localities are arranged approximately in 
geographical order from east to west, and the thicknesses are 
given in feet: — Windsor, 70 to 87; Ascot, 73; Winkfield, 78; 
Warfield, 78; Walthani St. Lawrence, 61; Wellington, 66; 
Wokingham, 70; Bearwood, 86; Hurst, 68; Tilehurst, 51 to 47; 
Burghfield, 76 to 70; Stratford Mortimer, 69; Bradfield, 68 to 
74; Aldermaston, 70 to 73; Newbury, 80; Sandleford, 92; 
Inkpen, 75. It appears that the westward attenuation of the 
London Clay is not shared by the Reading Beds, nor is there 
much variation in a north and south direction between Waltham 
and Wellington, or between Tilehurst and Stratford Mortimer. 

In Oxfordshire the Reading Beds occur as outliers only. At 
Nettlebed they have been estimated to be about 40 feet thick (1). 

Cretaceous. 

Chalk. 

In Berkshire the Winkfield boring quoted on p. 15 shows 
337 ft. of Upper Chalk (including the supposed Chalk Rock), 
169 ft. of Middle Chalk (including the supposed Melbourn Rock) 
and 219 feet of Lower Chalk. Though the exact division into 
Upper, Middle and Lower is attended with doubt, the total of 
725 ft. for the whole of the Chalk seems to be a reliable measure- 
ment. At Wargrave the thickness of the Upper Chalk was proved 
to be 319 J ft. (7). The Chalk Rock consists of hard chalk 
crowded with nodules, mostly green-coated, and is about 9 ft. 
thick. The Melbourn Rock at the base of the Middle Chalk is 
hard and nodular, and about 14 ft. thick. A third rock, known 
as the Totternhoe Stone occurs in the Lower Chalk, about 70 or 
80 ft. below the Melbourn Rock ; it is about 2 ft. thick in parts 
of Berkshire, but has not been identified west of Chilton. 



BEEKSHIRE AND OXFOilJJSHIEE. 1] 

The Winkfield boring gives the only direct measurement of 
the whole Chalk. In other parts of the county the Middle Chalk 
is estimated at about 150 ft., and the Lower Chalk at about 
220 ft., increasing to 240 ft. in western Berkshire. 

In Oxfordshire the Upper Chajk has been estimated at 300 ft. 
(JSTettlebed), and the Middle Chalk as at least 200 ft. (Ipsden), 
while the Lower Chalk is about 200 ft. thick. 

Tlffer Greensand and Gault (Selbornian). 

The Upper Greensand consists in the upper part of 10 to 30 ft. 
of sand with grains of glauconite, and in the lower part of 50 or 
60 ft. of calcareo-siliceous strata, marly in places and containing 
layers of malm stone and chert. The Gault is a grey or dark 
bluish clay, gradtfating upwards into the Upper, Greensand and 
varying from 190 to 264 ft. in thickness. 

In Berkshire the thicknesses assigned to the Upper Greensand 
and Gault respectively were 31 and 264 ft., making a total for 
the Selbornian of 295 ft. At Wantage the thicknesses were 65 
and 229 ft., making a total of 294 ft. At Sotwell a thickness of 
75 ft. was attributed to the Upper Greensand. 

In Oxfordshire the respective thicknesses of Upper Greensand 
and Gault have been estimated at 54 and 230 ft., making a total 
for the Selbornian of 284 ft. (2). At Shillingford 144 ft. of Gault 
were bored through and the total thickness of the formation 
is estimated at 190 ft. (8). At Wheatfield 197 ft. (top absent) 
were proved. 

Lower Greensand. 

This formation occurs in patches only in Berkshire and 
Oxfordshire, between the Gault and Upper Oolitic strata. It is 
absent along the greater part of the outcrop and, as proved in 
borings, in part of the tract covered by Upper Cretaceous rocks. 

In Berkshire it is developed south of Shrivenham, at Far- 
ingdon and thence eastwards to near Uffington. It consists of 
brown and white sand with some ironstone in the upper part, 
and of ferruginous pebbly gravel containing many fossil sponges 
in the lower part, with a total estimated thickness of 70 to 100 ft. 
At Wantage, on the other hand, a boring passed from Gault into 
Kimmeridge Clay with little or no Lower Greensand intervening, 
(7), but at Winkfield, (7), brown sand was bored into for 9 ft. 
below the Gault and believed to belong to the Lower Greensand. 
(See also Slough, p. 22, and Ottershaw in the table facing p. 134.) 

In Oxfordshire the most extensive outcrop is that which 
borders the Thames from Clifton Hampden to Nuneham. At the 
former place it was proved in a well to exceed 37 feet in thickness 
and to rest on Kimmeridge Clay (8). At Shillingford it was 
proved to be 25 ft. thick (8). An outlier on Hurst Hill shows 
20 ft. of Lower Greensand between Gault and Kimmeridge Clay, 
but on Boar's Hill the thickness appears to exceed 50 ft. (9). 

Wealden. 

The lower part of the Wealden formation is represented in 
Oxfordshire by the Shotover Sands. These ferruginous sands 
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and sand-rocks witli their grey clay-bands occur as an outlier on 
Shotover Hill, and emerge from, below Gault for some miles 
north of Thame. At Brill Common (Buckinghamshire) and Shot- 
over Hill their estimated thickness is 45 to 50 ft., but the top is 
absent. In the main outcrop the part visible varies from 10 to 
15 ft. in thickness according to the inequalities of the surface of 
Portland Stone on which they rest. 

Oolitic. 

Piirbeck Beds. 

In Berkshire the Purbeck Beds have not been recognised, and 
in most parts are certainly absent. 

In Oxfordshire they are known cnly at Shotover, where they 
are represented by 4 ft. of clay and limestone, lying between the 
Shotover Sands and the Portland Beds (9). 

Portland Beds. 

In Berkshire Portland Beds are not known. 

In Oxfordshire they emerge at intervals from beneath the 
Lower Greensand and Gault and form outliers. At Shotover they 
include an upper division about 40 to 50 ft. thick, of sand (a 
decalcified and silicified limestone) and about 4 ft. of clays with 
greenish sands and rubbly limestone ; and a lower division about 
60 ft. thick, of yellow and greenish sands with huge spheroidal 
concretionary masses, or further east of clayey sands about 25 ft. 
thick. The total thickness is estimated at rather more than 100 ft. 
South of Wheatley, however, a well in Horsepath Parish proved 
only 38^ ft. of Portland Beds between the Shotover Sands and 
what was supposed to be Kimmeridge Clay. 

Kimmeridge Clay. 

The thickness of Kimmeridge Clay varies from 100 to 200 ft., 
but the whole formation is not always present under the Lower 
Greensand. 

In Berkshire the following thicknesses have been proved : — 
Challow, 195i ft. ; Denchworth, 140 ft. ; Wantage, 94 ft. ? ; Faring- 
don, 3 ft. At the last-named and probably also at Wantage, a 
part of the formation was missing in consequence of pre-Cre- 
taceous denudation. 

In Oxfordshire the thickness varies from 111^ ft. at Shilling- 
ford to 120 at Burcot, 94 at Cult am, and in a northward direction 
to 111 at Marsh Baldon, and 180 at Cuddesdon. At Shillingford, 
Burcot and Culhani, part of the formation may be missing from 
the cause above mentioned. 

Corallian. 

The Corallian Beds include an upper division of oolitic lime- 
stone (the Coral Rag) and a lower division of sand and calcareous 
or cherty sandstone (the Lower Calcareous Sandstone). They 
outcrop continuously across both counties. 

In Berkshire they were traversed at Faringdon, and under 
10| ft. of Coral Rag (top absent) a thickness of 51 ft. of Lower 
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Calcareous Grit was proved. At Goosey the whole Corallian was 
82 ft. thick, and at Wantage a boring penetrated for 77 ft. in 
CoralliaDj but the position of the junction with the Kimmeridge 
Clay was open to doubt. 

In Oxfordshire the full thickness of Corallian was ascertained 
to be 79f ft. at Shillingford, more than 92 ft. at Culham, and 
more than 80 ft. at Cuddesdon. 

Oxford Clay. 

The Oxford Clay is a grey or pale-bhie clay with bands of 
septaria ; it forms a broad outcrop across Oxfordshire and occupies 
a part of Berkshire. 

In Berkshire it was proved to exceed 112 ft. in thickness at 
Goosey (base not reached) and 258 ft. at Wytham (top absent) (7). 

In Oxfordshire it was proved to exceed 265 ft. at Oxford and 
155 ft. at Arncot, in each case the top being absent (8). 

The full thickness therefore has not been traversed in any one 
boring, but it has been estimated to be 450 ft, (6). 

Cornbrash. 

This thin but constant band of irregular rubbly limestone with 
clay-partings does not appear at the surface in Berkshire but 
outcrops continuously across Oxfordshire. 

In Berkshire the Cornbrash has been proved in one boring only, 
at Wytham, where it was 19 ft. thick (7). 

In Oxfordshire it has been traversed in several borings and 
proved to vary from 10 ft. to 20 ft. 10 ins. in thickness (8). 

Forest Marble. 

The Forest Marble consists of alternations of irregular false- 
bedded and shelly limestone with clays. 

In Berkshire the Forest Marble has been reached in the Wytham 
boring only, and was found to be 24| ft. thick (7). 

In Oxfordshire it has been proved by borings to be ISf ft. thick 
-at Arncot, 32f at Oxford, 20| at Kidlington, 38 at Islip, 211 at 
Bicester (8). Measurements at the outcrop give 12 to 19 ft. as 
the thickness (5). 

Great Oolite and Upper Estuarine Series. 

The Great Oolite includes an upper part of oolitic limestones 
with marls and a lower part of shelly limestones clays and sandy 
:flags (Stonesfield Slate). The Upper Estuarine Series consists of 
variegated clays, sandy clays and irregular beds of limestone. 

In IBerkshire, in the Wytham boring, 96 ft. of strata attributed 
to the Great Oolite intervened between the Forest Marble and 
Inferior Oolite (7). 

In Oxfordshire the Great Oolite series forms a wide and con- 
tinuous oiitcrop. It has been bored through and its thickness 
proved at the following places (8): — Burford, 62| ft. (top 
absent) ; Arncot, b%\ ft. ; with Estuarine Seiies below to 41 ft. 
(base not reached) ; Oxford, 88 ft. (Upper Estuarine Series, 
281 ft.); Kidlington, 144|- ft. and clay (Estuarine Series?), 
36 ft.; Bicestfr, 84|- ft., and Estuarine Beds, 4^ ft. (base not 
reached). > 

" ^ B 2 
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Inferior Oolite. 

This subdivision consists chiefly of oolitic limestones, ferru- 
ginous and pebbly at the base. In Berkshire it has been seen 
only in the Wytham boring, where it was 35^ ft. thick. 

In Oxfordshire it was proved at Burford to be 27f ft. thick, and 
at Oxford 161 ft., while at Kidlington a "hard rock " 7 ft. thick 
was supposed to represent it (8). Variations in thickness are due 
partly to the fact that the upper beds overlap the lower bed* 
eastwards. 

Northampton Sand. 

This is a ferru'ginous sand and sand^rock which near JS'orth- 
ampton represents the base of the Inferior Oolite and some under- 
lying sands (Midford Sands). 

In Oxfordshire it was supposed to have been recognised in a 
boring at Bicester where there were 17 ft. of loose sand below 
the Estuarine Beds, and at Mixbury where 5 ft. of "hard rock" 
intervened between the Estuarine Beds and the Upper Lias. 

Lias SIC. 

In Berkshire the Lias is the oldest rock as yet proved to exist. 
In the Wytham boring the Upper Lias was 145- ft. thick, and the 
Middle and Lower Lias were penetrated for a distance of 170 ft. 
without reaching the base. 

In Oxfordshire, in the Burford boring, the Upper Lias was- 
%1\ ft. thick, the Middle Lias 98 ft. 1 in., and the Lower Lias 
447 ft. 4 in., making a total of 626 ft. 11 ins. At Kidlington 
Lias, with possibly some Rhaetic beds, was bored into for a thick- 
ness of 133 ft. At Kingham a boring starting in the Upper Lias 
ended as supposed, in Lower Lias at a depth of 120 ft., proving- 
the Middle Lias to be 64^ ft. thick. At Mixbury, below North- 
ampton. Beds, 134 ft. of strata were assigned to the Upper Lias,, 
and 36 ft. (base not reached) to the Middle Lias (8). 

Tbiassic. 

This formation has been proved in one spot only iff Oxford- 
shire. At Burford below the Lias the boring traversed black 
shale, green marl and limestone for 91 ft., and then 375 ft. 11 ins. 
of variegated marls with gypsum, which rested on Coal Measures. 
The variegated marls may be safely assigned to the Keuper 
Marl; the black shale and green marl represent the Rhaetic but. 
may include some Keuper Marl. 
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BUCKINGHAMSHIRE. 

Table of Strata exposed and proved in borings. 



Superficial , 
Eocene 



Cretaceous 



Oolitic 



Liassic 

Liassic 
Palseozoic 



Alluvium, Glacial Drifts, &o 

(■ London Clay ^ 

JEeadingBeds ' ... 

"Upper Chalk, with the Chalk Rock at 
' its base 

! Middle Chalk, with the Melbourn Rock 
' at its base 

,' Lower Chalk, including the Tottemhoe 
Stone 

Upper Greensand 

Gault 

Lower Greensand 
VWealden (Shotover Sands) 

/ Purbeck Beds ... 

Portland Beds ... 

Kimmeridge Clay 

Corallian (Ampthill Clay) 
Oxford Clay and KeUa ways Beds 

.(Cornbrash 

Forest Marble and Great Oolite Clay... 

Great Oolite Limestone 

Upper Estuarine Series 

Lower Estuarine Series and North - 

, ampton Sands (Inferior Oolite) 

Upper Lias 



Thickness in 
feet. 

up to 200 
36-78 



Proved in 

f Middle Lias 
■■' (Lower Lias 

Rocks 



only : — 



3.30 

200-220 

180 
10-20 
200-248 
up to 250 
up to 45 

20-30 

60 

100 

40-50 

420 

5-8 

13-40 

15-25 

1.5-33 

8-27 
120 



to 22 
240J 
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Stjpee3?icial. 

Of the superficial deposits the alluvium has been estimated to 
attain in places a thickness of 20 ft. ; valley-gravels, 25 to 30 ft. ; 
Glacial sands and gravels, 20 to 25 ft., and the chalkj- boulder-clay 
to range up to 50 ft. (10). The clay-wJth-flints rests on a surface 
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which has been eroded irregularly in great hollows or pipes 50 ft. 
deep or more (10). It therefore varies indefinitely in thickness, 
hut may average about 30 ft. 

Fig. 3. BircKiNGirAMSUiKE. 
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Eocene. 

The London Clay is tlie newest formation in Buckinghamshire, 
but nowhere retains its original thickness. At Iver 103 ft. of 
the clay was proved in a well (2). There may be 200 ft. in the 
extreme south-east of the county. 

The Reading Beds include dark grey and red mottled clays, 
variegated sands and pebble-beds. They vary in thickness from 
36 to 78 ft. The following localities are arranged from north to 
south : —Slough, 36 to 54 ft. ; Dorney Common, 78 ft. ; Datchet, 
78 ft. In each of these well-sections the full thickness of the 
Reading Beds was passed through (2). 

Cretaceous. 
Chalk. 

The Chalk is divisible into Upper, Middle and Lower, or into 
zones characterised by assemblages of fossils. 

The Lower Chalk has a thickness estimated at 180 ft. (4), the 
Middle Chalk, 200 to 220 ft. (4), and the Upper Chalk, 330 ft. (5). 

The thicknesses of the zones have also been estimated as indi- 
cated in the subjoined table (4 and 5) : — - 



Thickness in 
Zones. feet. 



( Mareupites 
II- 



Upper I Micraster coranguinum 

Chalk. ) Micraster cortestiidinarium 
\ Holaster planus 

Middle (Terebratulina 

Chalk. \ Mhyiiohonella cuvieri 
J } Acknocamax plenus 

^ Chall \ Holaster svbglobosus 
' I Ammonites varians 



50 

200 

60 

20 

140-160 

60 

3 

70-80 

100 



The three well-known bands of hard chalk, the Totternhoe 
Stone, Melbourn Rock and Clialk Rock occur in Buckinghamshire, 
but the Totternhoe Stone is onlj'- feebly represented over much of 
the county. The Melbourn Rock, which occurs low down in the 
main escarpment of the Chiltern Hills, is a rock-like white ciialk 
about 9 ft. thick. The Chalk Rock consists of three beds of cream- 
coloured limestone containing some glauconite grains, alternating 
with layers of nodules set in a matrix of soft chalk, and in all 
may be as much as 10 ft. thick. 

Upper Greensand and Gault (Selhoi'nian). 

The Upper Greensand consists of greenish sands and marls 
with malmstone; it is seldom more than 10 or 12 ft. thick (3), 
but a boring at Slough proved 19 ft.^ The Gault is a stiff dark- 
blue and pale calcareous clay which is divisible into an upper 
and a lower part, the former attaining a thickness of 70 ft. and 
the latter 145 ft. (3). In a boring at Thame Park (Oxon, jtist 
outside Bucks) there was 200 ft. of Gaxilt and 230 ft. in 
another boring at Tring (Herts). A boring near Long Marston 

' The Geology of the Country around Windsor and Chertsey, Mem. Geol. Surv. 
1915, p. 104. 
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(Herts) proved 70 ft. of Upper Gault and 145 ft. of Lower 
Gault (3), while in two others, one at Marsworth and another at 
Bulbouvne, the Gault was 238 ft. and 248 ft. respectively in 
thickness (3). 

Lower Greensand. 

This formation rests upon the denuded edges of the folded 
Jurassic rocks and comprises a variable group of sands, clays and 
fuller's earth. It occurs in disconnected patches below the Gault 
and is absent under a large part of the county. The greatest 
thickness attained has been estimated at 250 ft. (10). 

Wealden. 

Iron sands (Shotover Sands), containing fresh water shells and 
resting upon Purbeck or Portland Beds, form outliers upon 
Muswell Hill and Brill Common. They attain a thickness of 
about 45 ft. and are clearly remnants of an originally extensive 
deposit. 

Oolitic. 

Purheck. 

Purbeck Beds occur as outliers in the Vale of Aylesbury and 
comprise a series of marls, limestones and calcareous sands which 
vary in thickness from 20 to 30 ft. (8 and 10). 

Portland Beds. 

These extend from near Thame (in Oxfordshire) to Aylesbury, 
and also form outliers. They comprise about 33 ft. of sands and 
limestones in the upper part and about 20 ft., mostly of clay, 
in the lower part (10); At Long Crendon the thickness of the 
limestone has been estimated at 32 ft., and that of the Lower 
Portland Clay below at 30 ft. 

. KimTneridge Clay. 

The outcrop of this formation extends from the south-west 
across the county as far as the neighbourhood of Stewkley, where 
it is unconformably overstepped by the Gault. It presents its 
full development only in those spots where it is overlain by Port- 
land Beds and then is estimated to reach 100 ft. Its extent to 
the south-east beneath the Cretaceous rocks is unknown. 



Corallian. 

These beds consist of a series of sands and calcareous sandstones 
and limestones, and in this form extend from Shabbington 
northwards through Oakley to Quainton (10). From Quainton 
north-eastwards the Cora,llian is rarely visible, and appears to be 
represented by the Ampthill Clay. This clay crops out near 
North Marstbn, also at Stewkley and to the south of Linslade. 
At Ampthill in Bedfordshire it is 61 ft. thick; in Buckingham- 
shire it is supposed to be 40 to 50 ft. (10). 
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Oxford Clay and Kellaioays Beds. 

The Oxford Clay including Kellaways Beds extends from near 
Lndgershall to Winslow and Fenny Stratford and is about 420 ft 
thick. Most of the formation is clay, but some 20 or 30 ft. of 
sand and loam near the base represent the Kellaways Beds (10). 
A boring at Bletchley entered the upper part of the Oxford Clay 
at a depth of 9 ft. and ended as supposed at the base of the Kella- 
ways at 410 ft.i At Calvert a boring starting in the Oxford Clay 
reached the base at a depth of 93 ft. (9). 

Gornhrash. 

This formation consists of rubbly limestone with marl or clay- 
bands, altogether from 5 to 8 ft. in thickness (7). A large outlying 
mass of Cornbrash with some Kellaways Beds occurs north oJ 
Buclcingham beneath glacial drift. 

Forest Marhle and Great Oolite Clay. 

The Forest Marble was represented in the Calvert boring by 
oolitic and shelly limestones and marly clays, with a total thickness 
of 38 ft. 9 ins. 

The Great Oolite Clay is a formation of uncertain thickness and 
varying character. It consists at times of black, red or green 
clay, passing into tough blue shelly oolite (Forest Marble) which 
at Bicester (Oxfordshire) is about 18 ft. in thickness. The clay 
at Buckingham is some 15 ft. thick, but northwards it is less 
developed. At Bradwell there is 13 ft. of marly clay with sand 
and limestone (7 and 10). 

Great Oolite Limestone. 

The Great Oolite Limestone crops out over much of the northern 
part of the county and has been worked in many quarries which 
are but 10 to 15 ft. deep. In a pit at Bradwell about 16 ft. of 
limestone, and in the valley south-west of Thornborough about 
21 ft., are exposed (7 and 10). The total thickness is believed to 
be about 25 ft. 

Ufper Estuarine Series. 

The Upper Estuarine Series, consisting of black and variegated 
clays with white and brown sands, occurs at Stoke Goldington and 
along the borders of the Ouse to near Olney and is from 15 to 
20 ft. in thickness. It has been proved in Salcey Forest, and 
at Denshanger and Stony Stratford (10), but in the country 
from Aynho to Towcester it is diificult to make any satisfactory 
divisions in the Great Oolite (7). The Great Oolite Clay, Lime- 
stone and Upper Estuarine Series are classed together with a 
united thickness of about 60 ft. , 

Lower EsUiarine Series and Northampton Sands. 

In Buckinghamshire these estuarine and marine groups occupy 
the place of the sands and oolitic limestones of the Cotswolds. 

' Geol. Mag., 1889, pp. 356-357. 
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The Lower Estuarine Series consists of loam and sand and appears 
to be about 8 ft. thick (10). The Northampton Sands are exposed 
only along the Ouse Valley and have been doubtfully met with 
in borings on the north-east of Stowe Park near Akeley and near 
Stony Stratford. A well north of Olney proved 27 ft. of these 
beds (1). V _ 

At Chetwode a boring proved alternations of rock and clay in 
thin beds to a depth of 230 ft. The boring commenced in Oxford 
Clay and ended in Middle Lias. TTone of the subdivisions of the 
Great or Inferior Oolite Series were recognisable. 

The Calvert', Bletchley and Chetwode borings prove that there 
is a considerable area in ISTorth Bucks, where the Oolitic rocks 
older than the Oxford Clay are not normally developed. 

LlASSIC. 

The Upper Lias is the oldest formation exposed in Buckingham- 
shire and is estimated to reach 120 ft. at a maximum (10). At 
Calvert it was believed to be absent, but the Lower Lias to be 
represented (p. 22). 
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CAMBEIDGESHIRE and HUNTINGDONSHIRE. 

Table of Strata exposed and proved in borings. 



Superfloial 



Cretaceous 



Oolitic 



Liassic 



(Alluvium 

X Glacial Deposits 

I Upper 
/Chalk ...- Middle 
I Lower 

"l Gault 

( Lower Greensand 

' Kimmeridge Clay 

CoralUan (Ampthill Clay) 

Oxford Clay with Kellaways Rock 

Cornbrash 

Great OoMte Clay 

Great OoHte Limestone 

Upper Estuarine Series 

Lincolnshire Limestone, to up- 
wards of 5 ft. 

Lower Estuarine Series 
^ Northampton Sands 

Proved in borings only : — 

C Upper Lias 

t Middle and Lower Lias 



Thickness in 
feet. 

0-30 
0-180' 

to 237 

210-230 

160-170 

70-242 

12-120 

100-142 

26-150 

400-700(?> 

0-15 

5^0 

10-17 

30^0 

about 17 



85-101 
to 265 



Authorities. 

1. Geology of the Neighbourhood of Cambridge, Mem. Oeol. Surv., 1881. 

2. Jurassic Bocks of Britain, ib., vol. iii, 1893. 

3. „ „ „ vol. iv, 1894. 

4. „ „ „ vol. V, 1895. 

5. Cretaceous Kocks of Britain, ib., vol. i, 1900. 

6. „ „ „ vol. ii, 1903. 

7. „ „ „ vol. iii, 1904. 

8. J. E. Marr and A. E. Shipley, The Natural History of Cambridgeshire, 1904. 

9. R. H. Rastall. Geology in the Meld, Geol. Assoc, 1910, p. 124. 

Superficial. 

Alluvium. 

The alluvial deposits find their widest development in the Fen 
Country. Their average thickness lies between 20 and 30 ft. and 
they consist of alternations of peat, silt and gravel. Those of 
the rivers Cam and Ouse have an average thickness of about 10 ft. 
with a maximum of 30 ft. 

Glacial. 

Of these variable deposits the most important member, the 
chalky boulder clay, ranges up to 180 ft. in thickness. This was 
proved near Caxton and at Old North Road Station (9) . 

' Not including some exceptional thicknesses found in buried, channels. 
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A boring recently made at Whittlesford^ lias proved that the 
Drift extends there to a depth of more tlian 455 ft. and more than 
335 ft. below sea-level. This deep hollow forms a continuation 
of the channel described on p. 54. 

Fig. 4. Cambridgeshijie and Huntingdosshire. 




Ceetaceous. 

Chalk. 

The Upper Chalk occupies a belt of drift-covered country on 
tbe eastern border of CambridgesMre from Ifewmarket to Linton. 
The formation is nowhere complete, but 237 ft. is recorded from 
a boring at Cheveley on tbe cnalk-plateau above Newmarket.^ 

1 Summary of Progress for 1914, Mem. Geol. Surv., 1915, p. 65. 

2 Mep. Brit. Assoe. for 1914, p, 269. 
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Tlie Middle Chalk, which includes all the beds from the base 
of the Chalk Rock to the base of the Melbourn Rock, has a 
maxinmm thickness of 230 ft. (6, 9), but is believed to thin 
slightly northwards. 

The thickness of the Lower Chalk near Cambridge is 166 ft. (9). 
This subdivision also thins out north-eastwards. The attenuation 
is well shown in the Chalk Marl, which in south Cambridgeshire 
is 60 ft. thick, while at Cambridge it is 30 ft. and in north Norfolk 
only 19 ft. (8). 

At the base of the Chalk Marl lies the ' Cambridge Greensand,' 
a band which is never more than a few feet in thickness, but 
which yields evidence of local unconformity. 

Gault. 

The greatest thickness of Gault is recorded at Newmarket, where 
242 ft. were passed through in a boring. At Cambridge the Gault 
is 150 ft. thick (8), but it thins northwards, so that at Soham it 
is only 90 ft. (8), while in the northern part of Norfolk it is 
replaced by 4 ft. of Red Chalk (9). Over a great part of Cam- 
bridgeshire the Upper Gault has been removed by contem- 
poraneous erosion to form the ' Cambridge Greensand.' 

Loiver Greensand. 

The Lower Greensand at Sandy, three m.iles outside the S.W. 
boundary of Cambridgeshire, is more than 120 ft. thick (8), but 
much less over most of the area. At TJpware there are only 12 ft. 
of sands (9). The Lower Greensand, unlike the overlying beds, 
thickens again northwards to 170 ft. in Norfolk (9). 

Oolitic. 

Kimmericlge Clay. 

There is a marked unconformity between the Cretaceous and 
Jui'assic rocks, in consev^uence of which the Lower Greensand rests 
upon the Oxford Clay in the south-west. The Ampthill and 
Kimmeridge Clays come on in a north-easterly direction. The 
Kimmeridge Clay, which is the highest Jurassic formation in 
these counties, forms a narrow outcrop by Oakington and Elsworth 
and runs in a north-easterly direction to the Isle of Ely. Here 
it spreads out and forms the base of the Isle, beneath a covering 
of Lower Greensand. The thickness is about 100 ft., of which 
only 15 ft. belong to the Upper Kimmeridgian (4) . At Downham 
Market (Norfolk) a boring passed through 187 ft. of Kimmerid- 
gian without reaching the base (4). 

Corallian. 

Below the Kimmeridgian comes a variable series referred to 
the Corallian. In the south at Gamlingay it is represented by 
the Ampthill Clay, which at Over has a thickness of 150 ft. (8). 
At Elsworth it is in part represented by a calcareous bed known 
a-5 the Elsworth rock. Near Stretham Ferry the total thickness 
of the Corallian is 45 ft. (4), while at Upware it is represented 
bv a coral-limestone, probably about 54 ft. thick (9). 
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Oxford Clay. 

The Oxford Clay occupies much of the surface of Huntingdon- 
shire. The total thickness has never been proved, but Penning 
and Jukes-Browne estimated it as 700 ft., while H. B. Woodward 
considered 500 ft. a more likely figure (4). The basal bed of the 
Oxford Clay, the Kellaways Book, is from 13 to 17 ft. thick near 
Peterborough. 

Cornhrash and Oolitic Rocks helow the Cornbrash. 

The Cornbrash is found in well-sinkings over the northern part 
of Huntingdonshire. It ranges up to 15 ft. 

The amount of information available regarding the underlying 
beds is small and the thicknesses given in the table on p. 23 are 
approximate. The Lincolnshire Limestone was found at Elton 
but seems to be generally absent. 

LlASSIC. 

An unpublished boring at Parcet proved 101 ft. of Upper Lias, 
while a Peterborough boring proved 85 ft. of Upper Lias and 
265 ft. of Middle and Lower Lias (3). 
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Tahle of Strata. 



Q fi • 1 (Alluvium, and Peat 

jsupernciai | Qaoial deposits, to more than 

Liassio 



Triassio 



, Keuper Marls 

Keuper Waterstones ... 
J Keuper Basement Beds 

Upper Mottled Sandstone 

Pebble Beds 

Lower Mottled Sandstone 



Permian ... 
■Carboniferous 



Thickness in 
feet. 

300 

to 300 

2,000-3,000 
200 
180-314 
500-800 
750-960 
500-1,280 

0-1,500 



Authorities. 

1. Geology of the Country around Altrincham, Mem. Oeol. Surv., 1861. 

2. Geology of the Country around Stockport, Macclesfield, Congleton and Leek. 

ib., 1866. 

3. Reports on the Circulation of Underground Waters . . . Bep. Brit. 

Assoc, for 1878, 1879 and 1880. 

4. Geology of neighbourhood of Chester, Mem. Oeol. Surv., 1882. 

5. Geology of Flint, Mold and Ruthin, ib., 1890. 

6. The Jurassic Rocks of Britain, ih., vol. iii, 1893. 

7. C. E. De Ranoe. Results of the Salt Union Boring at Marston, near North- 

wich. Trans. Manchester Oeol. Sac, vol. xxii, 1895, p. 269. 

■8. G. H. Morton. Geology of the Country around Liverpool, 8vo, London, 
1897. 

.9. Geology of the Country around Macclesfield, Congleton, Crewe, &c. Mem. 
Oeol. Surv., 1906. 

SXJPEEFICIAL. 

Alluvium and Peat. 

There are many peat-mosses in Cheshire. The largest in the 
■eastern part of the county is Dane's Moss, near Macclesfield, 
with an area of 300 acres. From 10 to 15 ft. of peat have been 
removed from the west side for fuel, and a depth of 40 ft. is said 
to have been proved in the deepest parts (9, pp. 108-109). Peat- 
mosses occur also near Congleton, Alsager and elsewhere, but in 
some cases they have been almost completely dug away. In the 
Chester district mere-basins with peat occur. ' Many of these, 
which were filled with water within the memory of old inhabitants 
[1882], are now dry.' (4, p. 30.) The largest of these meres 
in the Delamere district is Oakmere ; and Blake Mere the largest 
peat-moss. 

Glacial. 

Glacial drift covers most of the low ground in Cheshire. It 
•consists mostly of boulder-clay,, but patches of sand and gravel of 
variable extent appear through the clay in all parts of the area. 
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The thickness of these deposits is largely dependent upon the 
unevenness of the rock-surface on which they rest. Old valleys 
in the sandstone, filled with drift, are sometimes struck in borings. 
A boring at Sydney showed that the drift there is over 320 ft. 
thick and descends to at least 160 ft. below present sea-level, 
while to the west an outcrop of Keuper Marls shows that the 
surface rises at least 200 ft. within two miles (9, pp. 68, 104). 
Borings have been made in the estuary of the Dee through the 
superficial deposits in search of coal, and have proved, in many 
cases, a great thickness of post-glacial and glacial material over 
the rock. Most of these borings are in Flintshire, but that at 
Dodleston is within the Cheshire boundary and shows that the 
pre-glacial valley has a depth of 90 ft. below present sea-level 
at that r>lace (5, pp. 151-153 and 221-222). Around Maccles- 
field the maximum thickness of drift recorded is in a bore at the 
County Asylum, where 220 ft. of boulder-clay and sand rest on 
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the Upper Mottled Sandstone. At the brewery near the railway- 
bridge, Sutton, the Pebble Beds were reached after going through 
75 ft. of drift. At the TTorth Cheshire Brewery, Macclesfield, 
the drift was 148 ft. thick, but only 44 ft. at Park Green Well 
(9, pp. 60 and 66).^ Around Northwich and Middlewich many 
borings have Ueen made through the drift into the Keuper Marls 
for salt, and the following thicknesses, in feet, have been found 
near the places indicated : — Marston, 31 ft. 9 ins. ; Wincham, 33, 
44 and 12 ft. in adjacent borings; Winsford, 304r|; Stanthorne, 
65; Cledford Bridge, Middlewich, 48; Sandbach, 75 ft. At 
Hooton, in Wirral, 169 ft. of drift was penetrated before the 
surface of the rock was reached at 62 ft. below Ordnance Datum. ^ 
At Saughall 60 ft., and one mile north-east of Great MoUington 
80 ft. of drift, overlie the Trias. In many cases borings quite 
close together show considerable differences in the thickness of 
the drift. 

LlASSIC. 

An outlier, of Lower Lias chiefly, presumably with Ehaetic 
beds at its base, covers a considerable area in Shropshire, but just 
comes within the Cheshire boundary near Audlem. It is mostly 
covered with drift, 80 to 90 ft. thick in places. The black shales 
were supposed to be ' coal shales,' and borings were made in many 
places, but the fossils proved them to be Lias with lignite. At 
Adderley (Shropshire) a boring went through 300 ft. of this black 
.shale into Keuper Marls (6, pp. 180-183). 

Teiassic. 

The Red Marls, the uppermost formation of the Keuper, 
generally thickly drift-covered, occupy a large area in Cheshire, 
extending over the central parts of the county, around Iforthwich, 
Knutsford, Middlewich, Congleton, Crewe and Nantwieh. There 
is no definite information as to their thickness, but various esti- 
mates ranging from 2,000 to 3,000 ft. have been made. 

At Marston a boring showed 1,763 ft. 11 ins. of Red Marls 
resting on Waterstones (7). The Mayjjole Dairy Company's 
boring near Congleton Station, starting in drift, did not reach the 
bottom of the marls at a depth of 960 ft. (9, p. 112), and another 
boring at Winsford, after traversing 304 ft. of drift, passed 
through 1,190^^ ft. of marls without reaching their base. 

The Lower Keuper Sandstone, being much harder than the 
marls, outcrops much more frequently through the drift, and 
forms bold escarjjments. The Waterstones and Basement Beds 
are included here in Lower Keuper Sandstone. K'ear Chester 
and to the north-west the Waterstones have been computed to 
have a thickness of 200 ft., and the Basement Beds, with Frodsham 
Beds, 180 to 250 ft. (4, pp. 9 and 13). In the Altrincham (1, p. 3) 
and Stockport (2, p. 38) areas the Lower Keuper Sandstone has 
been estimated to have a thickness of 450 ft. An abstract of the 

'■ See also J. D. Sainter. ' Scientific Eambles round Macclesfield,' 8vo, Maccles- 
field, 1878, pp. 53-55. 

' T. Mellard Eeade. ' The Buried Valley of the Mersey,' Proc. Liverpool Gcol. 
Sac, vol. ii, 1873, p. 53. 

C2 
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boring at Marston (7), mentioned above, is given in the table on 
p,'31. . It shows tbe greatest recoi'ded thickness of Lower, Kenpe'r 
Sandstone. , ' 

The Bunter of Cheshire has been divided into Upper Mottled 
Sandstone, Pebble Beds and Lower Mottled Sandstone. In the 
north-east the Pebble Beds rest directly on Permian strata. 

The thicknesses of these divisions are variable and deep borings 
in the north-west have proved them to be greater than was 
expected. Around Stockpoi't the thicknesses given are: — Pebble 
Beds, 750 ft. ; Upper Mottled Sandstone, 600 ft. (2, p. 37). In 
the Chester area the Lower Mottled Sandstone is stated to vary 
greatly, up to a maximum of 500 ft. (4, p. 2). The Pebble Beds 
were estimated at 600 ft., 'but may probably be more ' (4, p. 3). 
The Upper Mottled Sandstone was estimated to be from 500 to 
800 ft. in thickness (4, p. 5). In the north-west of the area the 
Pebble Beds thicken considerably. The Heswall bore,^ which 
commenced about 400 ft. below the top of the Upper Mottled 
Sandstone, passed through 108 ft.' of that division, 934 ft. of 
Pebble Beds, and 1,272 ft. of soft red sandstone before reaching 
Coal Measures. At Bootle, on the Lancashire side of the Mersey, 
the Pebble Beds were proved to have a thickness of more than 
1,200 ft. (3 :— for 1878, pp. 10, 13-15 ; for 1879, p. 110; for 1880, 
p. 1). At Bidston, too, a great thickness of Pebble Beds was 
stated to be present, but the records of the bore were not clear 
(8, p. 298). 

Pehmian. 

These beds consist of a marly series at the top with a, sandy 
series below. The sandy beds have a development around Stock- 
port which has been estimated to be as much as 1,500 ft. (2, p. 33). 
The marls, correlated with fossiliferous marls at CoUyhurst (Lan- 
cashire), have a thickness of 134 ft. east of Stockport.^ At Hazel- 
grove a deep boring proved 913 ft. of Permian Beds.^ 



'■ Summary of Progress for 1913 (Mem. Geol. ,Surv.), 1914, p. 97 

" Sep. Brit. Assoc, for 1895, p. 770. 
Final Report, Soydl Commission on Coal Supplies, 1905, Part IX, Appendix ii 
p. 13. [Here also a review of thickness of beds above the coal in the Cheshire 
basin.] See also Tram. Manchester Geol. Soc, vol. xxii, 1893, pp. 452-458 
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CUMBERLAND axd WESTMOELAND 

Table of Strata. 



Superficial 
liiassic 

Triassic 



(■ Alluvium 
( Glacial . . . 

Lower Lias 



f Stanwix Shales 

\ Kirklinton Sandstone ... 
, < Gypseous Shales 
; St. Bees Sandstone 
(^ Gypseous Shales 

/ Magnesian Limestone . . . 
Permian ... ; Plant Beds (Hilton Shales) 

\ Penrith Sandstone and Brockram 

Carboniferous and older rocks 



Thickness in 
feet. 

up to 186 

up to 210 

up to 23 

400 

900 

2,000 

0-250 

1-30 

160 

1,500 



AUTHOEITIES. 

1. T. V. Holmes. Permian, Trias and Lias of the Carlisle Basin. Quart. 

Journ. Geol. Soc, vol. xxxvii, 1881, p. 286. 

2. J. G. Goodchild. An Outline of the Geological History of the Eden 

Valley or Edenside, Proc. Oeol. Assoc, vol. xi, 1891, p. '258. — 



3. 



The St. Bees Sandstone and its Associated Rocks. Hep. Brit. 



Assoc, for 1892, p. 722. 
4 Geology of the Country around Carlisle, Mem. Oeol. Snrv., 1899. 

5. J. G. Goodchild. Victoi'ia History of the Counties of England, Cumljcr- 

land, 1901. 

6. J. E. Marr. The Geology of the Appleby District, Westmorland, Proc. 

Oeol. Assoc, vol. xx, 1908, p. 129. 



SuPBRl-lCIAL. 

Alluviu7n. 

Broad alluTial flats with peat-mosses form tlie low ground 
bordering the Solway. On the coast near Silloth blown sand 
covers wide areas and in places reaches a thickness of 30 ft. 

Glacial. 

The Glacial drifts cover much of the low-lying ground. Thev 
may be divided into esker-gravel and sand and a boulder-clay 
with earthy gravels. The esker-gravel varies in thickness up to 
100 ft., while the greatest proved thickness of the boulder-clay is 
186 ft. This was found in a boring near Abbey Town (4). 

Lias SIC. 

The Lower Lias forms n .small outlier at Great Orton. A boring 
has proved 210 ft. of shales and limestones belonging to the zone 
of Psiloceras \_Ammonites^ planorbis (4), and possibly including 
some Ehaetic Beds. 
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Fio. 6. Cumberland and Westmokland. 




Scale of Miles 

O 5 10 20 



Thiassic. 

Ehaetic beds have not been proved to exist in this area, and 
the highest Triassic rocks known to occur are found in the Carlisle 
basin, where they have been termed the Stanwix Shales. Their 
maximum proved thickness is 23 ft. 

Beneath the Stanwis Shales lie the red and white Kirklinton 
Sandstones, with a thickness of not less than 400 ft, (4). 
Between the Kirklinton and St. Bees Sandstones some gypseous 
shales, which have only been found in borirtgs, are supposed to 
intervene (1 and 4). A part of these was traversed in the Abbey 
Town boring (p. 35) ; they are estimated to reach a thickness of 
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900 ft. They must vary rapidly in thickness, for they are absent 
between Carlisle and Kirklinton. 

The St. Bees Sandstone is the most conspicuous member of the 
Triassic group of this area. It consists of micaceous red sand- 
stones, of which the thickness in the north of the Eden Valley is 
estimated at 1,500 to 2,000 ft. N^orthwards and eastwards from 
Carlisle the St. Bees Sandstone overlaps all the underlying red 
rocks and rests upon the Carboniferous. 

At the base of the St. Bees Sandstone, in the Carlisle basin and 
near St. Bees Head, there crops out another group of gypseous 
shales which are estimated as having a thickness of 250 ft. (5). 

At Seascale, on the coast to the west of the Lake District, the 
St. Bees Sandstone lias been bored into for 2,000 ft. without being 
bottomed.' In a later account Prof. Gregory gives the total depth 
of the boring as 3,200 ft., and tentatively suggests that the boring 
may have been in Kirklinton Sandstone down to a depth of 
2,073 ft. and in St. Bees Sandstone for the remaining 1,127 ft.^ 

Peemian. 

The Magnesian Limestone and its associated plant-beds (Hilton 
Shales) form the upper, and the Penrith Sandstone and Brockranas 
the lower group of the Permian. 

In the Whitehaven area the Permian Brockram occurs in 
faulted strips in the coal-field. In places it reaches 180 ft. in 
thickness. 

The Magnesian Limestone is found along the southern edge of 
the coal-field and has a maximum thickness of 30 ft. in the west 
at St. Bees Head, but thins to 1 or 2 ft. in the east. 

In the Eden Valley the Magnesian Limestone is only a foot 
or two thick, but at this horizon are the Hilton plant-bearing 
shales with gypsum, which have an estimated maximiim thick- 
ness of 150 ft. (3). 

The Penrith Sandstone is a red sandstone without mica, in 
which respect it differs from the St. Bees Sandstone. In parts of 
this sandstone secondary quartz has been deposited in crystalline 
continuity with the original rounded sand-grains. The Brock- 
rams occur chiefly in the southern part of the Eden Valley, where 
there is one at the base and another in the middle of the Penrith 
Sandstone. They consist of angular blocks of rock, mainly Car- 
boniferous Limestone, firmly cemented together. 

Estimates of the thickness of the Penrith Sandstone group near 
Appleby vary from 1,000 ft. to 1,500 ft. (3). In, the north of Cum- 
berland this group is much reduced in thickness and is locally 
absent (2) . 



' Sutfimar" of Progress for 1909 {Mem. Geol. Surv.), 1910, p. 5. 
' Oeol. May., 1915, p. 146. 
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Some Borings in Cumberland and Westmorland. 
Thicknesses in feet. 





Seascale. 


Abbey Town. 
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Glacial 
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DERBYSHIRE. 

TahU of Strata. 



c, e • 1 C Alluvium 
&uperfieial..|(,j^^.^j 



Triassic 



Keuper Marl 

Lower Keuper Sandstone 
Bunter Pebble Beds ... 
Lower Mottled Sandstone 



„ (■ Magnesian Limestone 

Permian - ^Basement Beds ... 



Carboniferous 



Thickness, in 
feet. 

15-30 
up to 70 

, up to 380 

50-150 
. up to 1,000 
impersistent 

60-140 
36-88 



Atjthokities. 

1. The Triassic and Permian rocks of the Midland Counties of England, Mem. 

Geol. Surv., 1869. 

2. The Geology of the Country between Atherstone and Charnwood Forest, i6. , 

1900. 

3. The Geology of the Country between Derby, Burton-on-Trent, Ashby-de-la-_ 

Zouch and Loughborough, ib., 1905. 

4. H. H. Arnold Bemrose. The Victoria History of the Comities of England, 

Derbyshire, 1905. 

5. The Geology of the Leicestershire and South Derbyshire Coalfield, Mem. 

Geol. Surv., 1907. 

6. The Geology of the Southern Part of the Derby and Notts Coalfield, ib. 1908. 

7. The Geology of the Xorthern Part of the Derbyshire Coalfield, etc., ih., 1913. 

Superficial. 
Alluvium. 

The alluvial deposits cover a considerable area alongside the 
Trent and appear to extend to a depth of 20 to 30 ft. Thus a 
boring at Sawley showed the Trent gravels to be 25 ft. thick, 
whilst four borings across the southern border of the county near 
Burton-on-Trent showed respectively 19 ft. 2 in. of sand, claj-, 
peat and gravel, 24 ft. of gravel in another, 30 ft. of gravel in 
a third, and 31 ft. of gravel in the fourth (3). Alluvial deposits, 
but of smaller extent, occur in the Derwent, Erewash and Rother 
valleys. 

Valley gravels are also found at various levels above the 
Trent and the Derwent (7). 

Glacial. 
In the neighbourhood of Matlock and Ashover some patches 
of boulder-clay occur (7), and near Ashbourne a well sunk at 
Spital Hill showed 70 ft. of drift overlying Keuper Marl. 
Further to the east at Blackwall, near Kirk Ireton, a section shows 
25 ft. of glacial sand and gravel (4). Near Derby a well sunk 
at Spondon two miles from the town showed upwards of 30 ft. 
of boulder-clay, while four miles south-east of Derby, at 
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Chellaston Hill, a boring passed through 40 ft. of boulder-clay 
into chalky sand 6 ft. deep. This was underlain by 10 ft. of loamy 
sand and gravel and rested on Keuper Marl (4). In the extreme 
south of the county also the ground is overlain by glacial deposits, 
which, however, are not so thick and important here as in the 
Soar Valley and Loughborough district in Leicestershire to the 
south-east ' . ' " "- ■ 

contour proved 16 ft. of boulder-clay (3) 



A boring made near Burtou-on-Trent on the 400-ft. 



Fig. 7. Dbkbyshire. 



^ 86 Y 




Burtonon-Trent' 
Castle Gfesle 



7 .Bretby_/l4-\ ^• 

.SwadJincote ■^ 

^ 




154 e 

Carboniferous 



UE\' 



^^ 155 

Scale of Miles 
s ro 



38 derbyshire. 

Teiassic. 

Along the southern and eastern margins of the Derby and 
Nottingham Coalfield the Trias does not much exceed 800 ft. in 
thickness. The groups represented are : — 

IKeuper Marl. 
Keuper Waterstones with a basal conglomerate. 
Bunter Pebble Beds. 
Lower Mottled Sandstone. 

Kewper. 

The Keuper Marl with thin sandstones and bands of gypsum 
occupies a much larger proportion of the surface of South Derby- 
shire than the other Triassic rocks. JSTowhere, however, in the 
county is the full thickness developed. The marl rests con- 
formably upon and graduates down into the sandstones below, 
but as the Charnwood Hills are" approached it overlaps all the 
underlying Triassic rocks till it comes to rest on the old rocks 
themselves. 

Across the eastern border of the county 389 ft. of Keuper Marl 
was bored through at Edwalton, while at Sawley the same forma- 
tion was traversed for 112 ft. in a boring which started well below 
its top (3). A boring at Burton-on-Trent in Staffordshire showed 
297 ft. of Keuper Marl ; another in Derbyshire, but close to Burton, 
at Egginton Common, showed 99 ft. of Keuper Marl with 
gypsum. In none of these cases, however, is the full thickness of 
the Keuper Marl shown (3). It reaches 1,000 ft. in parts of 
Staffordshire, but is likely to be less in Derbyshire. 

The Lower Keuper Sandstones or ' Waterstones ' consist of beds 
of white and pink sandstone with marl-bands, having at their base 
beds of breccia. They appear t6 vary in thickness from 50 to 
100 ft. but tn thicken westward to 150 ft. or more (5). 

Bunter. 

The Bunter is but feebly represented at the outcrop, its total 
thickness falling short of 100 ft. in the neighbourhood of Dale, 
but each member gradually widening eastward and also westward 
though not to so marked an extent. The Pebble Beds are per- 
sistent over the area, while the Lower Mottled Sandstone is often 
absent (6). 

The maximum thickness of the Pebble Beds in the area around 
Kirk Ireton, Turnditch and Mugginton is about 130 ft., whilst 
in the district south of Belper the whole of the Bunter seldom 
exceeds 30 to 40 ft. In the neighbourhood of Ashbourne the 
Pebble Beds are stated to be at least 120 ft. thick. The 
variations in the thickness of the Bunter are attributable to the 
irregularity of the pre-Triassic floor on which it was spread. In 
the neighbourhood of the Millstone Grit (6), the irregularity is 
especially pronounced. 

Further south, in the neighbourhood of Repton and Inglebj, 
the Pebble Beds attain a thickness of nearly 200 ft. In the 
extreme south of the county, where they form the only represen- 
tative of the Bunter, they have probably a maximum thickness 
of 1,000 ft., 600 ft. being found m a boring at Chilcote (5), but 
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over most of the ground they are less well deTsloped, and towards 
the east the gradually thin away altogether, on the margins of 
the Leicester coalfield. 

Permian. 

The principal outcrop of Permian rocks occurs in a narrow 
north and south strip near the eastern boundarj- of Derbyshire. 
In this county the Lower Magnesian Liinesftone, with the base- 
ment beds, alone is present. The basement beds usually consist 
of a breccia with overlying grey marls and thin limestones, repre- 
senting the Marl Slates. Close to the county boundary at Kirkby- 
in-Ashfield in Nottinghamshire they are 4 to 5 ft., and the 
marls and thin limestones from 15 to 20 ft. thick. In the 
Sherwood Colliery at Mansfield the breccia is 8 ft. and the grey 
marl series 88 ft. thick. Where it enters Derbj-shire north of 
Teversall the series is seldom over 30 ft. (7). About 12 ft. of 
it is seen in the Eowthorn railway cutting, and at Hardwick Old 
Hall a deep trench showed magnesian limestone passing down 
into 15 ft. of thin limestones and marl-partings, the total thickness 
of the basement beds here being 25 ft. (7). Further north still, 
at Clowne, the basement beds appear to be represented by 12 to 
18 ft. of quicksands overlain by 15 to 20 ft. of grey marls (7). 
From Clowne northwards to the Yorkshire border the base of 
the Permian consists of ' quicksands.' At Shireoaks the ' Sand- 
rock ' at the base of. the Permian is 1 ft. 8 ins. and the marly 
series 54 ft. thick (7). 

The Magnesian Limestone where it enters Derbyshire is about 
100 ft. thick. Thus it is 142 ft. at Sherwood Colliery, Mansfield, 
and about 65 ft. around King's Mill, Sutton, and 103 ft. at 
Shireoaks Colliery (7). 

In the extreme south of Derbyshire some marls and breccias 
which have been provisionally classed as Permian cover a small 
area. About 50 ft. represents their maximum development, and 
they apparently occur along hollows in the underlying Carboni- 
ferous rocks. 

At Castle Gresley they are about 24 ft. thick, while at Swad- 
lincote the breccias and marls of the so-called Permian average 
15 ft. At Bretby Colliery they are represented by BJ ft., and 
further south by 8 ft., of breccia. 

For records of borings near to the borders of Derbyshire 
reference should be made to the tables relating to Leicestershire 
and Nottinghamshire. 
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Superficial .. 
Pliocene ... 
Oligocene ... 
Eocene 

Cretaceous 



DEVON AND CORNWALL. 

Table of Strata. 

Alluvium, Gravels, &c 

Bovey Beds 

Blackdown and Haldon Gravels 

Upper Chalk ... 

Middle Chalk 

Lower Chalk 

Upper Greensand \ geibornian 
Gault ) 



Liassic . . . Lower Lias 
Triassic 



Permian ... \ 
Carboniferous 



Rhaetic 

Keuper Marls 

Upper Sandstone 

Pebble Beds 

Permian Marls 

Lower Sandstone and Breccias 
Clay with Breccia (Watcombe Clay) , 

and older rocks ... 



Thickness in 
feet. 



up to 456 

up to 40 

up to 90 
100-236 
2-60 

65-200 

105 

up to 45 

1,300 

up to 302 

80 

200-800 
up to 900 
20-700 



Authorities. 

1. Jurassic Rocks of Britain, Mem. Qeol. Sun:, v 1. iii, 1893. 

2. Cretaceous Rocks of Britain, Mem. Geol. Sicrv., vol. i, 1900. 

3. „ ,, Mem. Geol. Surv., vol. ii, 1903. 

4. „ „ Mem. Oeol. Surv., vol. iii, 1904. 

5. Geology of the Country around Exeter, Mem. Oeol. Surv., 1902. 

6. „ „ aroimd Torquay, Mem. Oeol. Surv., 1903. 

7. „ ,, near Sidmouth and Lyme Regis, Mem. Oeol. Surv., 
2nd Ed., 1911. 

8. Geology of the Country around Newton Abbot, Mem. Geol. Surv., 1913. 

9. W. A. E. Ussher. Victoria History of the Counties of England, Devon, 1906. 
10. „ Geology in the Field, Geol. Assoc, 1910, p. 859. 

SUPEEFICIAL. 

Tracts of gravel, angular detritus (or ' head ') and alluvium 
flank most of the rivers in Devon, and raised beaches occur around 
the coast. The Alluvium fills deep channels and attains a thick- 
ness up to 80 ft. both in the north and south of the county (5 to 8). 
Deposits of blown sand and talus ('head') overlie the raised 
beaches and may average 12 ft. in thickness, but in North 
Devon reach 50 ft. Angular detritus, where it fills up hollows, 
may often be 40 ft. thick, but more usuallv averages 'about 10 
to 12 ft. 

The terrace-gravels lie principally at two levels, about 50 and 
100 ft. respectively above the modern rivers. The higher gravel 
in the Axe Valley is 60 ft. thick, but this is exceptional, the 
average being 15 ft. (5 to 8). 



devon and cornwall. 
Fig. 8. Devonshire. 
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DEVON AND COENWAIL. 



Pliocene. 
Small relics of Pliocene Beds occur near St. Ertli in the 
Land's End district, at Crousa Downs in the Lizard district and 
at St. Agnes Head on the north coast of Cornwall. The deposits 
include sand, gravel and clay, and in places exceed 20 ft. m 
thickness. 

Oligocene. 
The clays and sands with lignite at Bovey Tracey are probably 
of Oligocene age (8). Their total thickness is unknown, but a 
boring at Heathfield proved 456 ft. of clay, sand and lignite (8) 
without reaching the base. 

Eocene. 
Widespread deposits of uncertain age, possibly Eocene, and 
consisting of angular and subangular detritus associated with 
either clay or sand, cover the upland plains. They maintain a 
fairly uniform thickness of some twenty feet (7). The Eocene 
gravel of Haldon Hills is 40 ft. thick in places (8). 

Ceetaceous. 
Chalk. 
■ On the coast of Devon there are two principal outliers of Chalk, 
one between Lyme Regis (Dorset) and Seaton, and the other 
between Seaton and Branscombe. Lower Middle and Upper 
Chalk are in part represented, but zones above that of Micraster 
cortestudinarium are absent. There is a remarkable variation in 
the thicknesses of the strata assigned to some of the zones, and 
especially to that of TerebratuUna. The changes observable in 
the cliff are indicated in the following table. The localities read 
from west to east (7) : — 
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Chief Stratigraphioal Divisions. 
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feet. 
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72 


Hard and soft nodular 
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r Calcareous sandstone 


Holaster subglo- 


14-30 


2-3 


2-3 


Lower \ and arenaceous 


bosus and Am- 








Chalk, j chalk with quartz- 
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(^ grains. 


bachia) varians. 









Inland the Lower and Middle Chalk are found in the faulted 
tract between Offwell and Widworthy east of Honiton ; and also 
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at Membury. At Membury there seems to be from 50 to 60 ft. 
of Lower Chalk and probably not more than 80 ft. of Middle 
Chalk (9). , . 

In Devon parts of the Chalk assume the characters of sand- 
stones and limestones. The change is especially noticeable in 
the lower part of the formation, for the three hard bands known 
as Chalk Rock, Melbourn Eock and Totternhoe Stone all assume 
a sandy facies, while the Lower Chalk consists at its base of 
calcareous sandstone of variable thickness which is overlain by a 
bed of quartziferous limestone. These arenaceous beds are exposed 
on the coast from Lyme Regis nearly as far as Sidmouthj and 
inland at Wilmington near Widworthy. At the base of the 
Middle Chalk there is a bed of freestone (Beer Stone) which 
consists of granular limestone almost entirely composed of com- 
minuted fragments of Inooeramus shells. There is no regular bed 
of Melbourn Eock, but a bed of hard yellowish nodules is probably 
its equivalent (3). 

Selbornian. 

These beds form the bold uplands of East Devon, the best 
sections being exhibited in the cliffs near and east of Sidmouth. 
They are divisible into two main groups, the Chert Beds and the 
Greensands. 

This series has an average thickness of 200 ft. which is fairly 
constant in East Devon. It thins further west, especially in its 
lower division. At Black Ven in Dorset the thickness of the 
greensand under some chert beds is 119 ft. Further west at 
WhiteclifE the chert beds and greensand are 68 and 88 ft. respec- 
tively. Below Beer Head the total thickness is some 156 ft., 
while still further west beyond Branscombe it is about 170 ft. (7). 
At Peak Hill west of Sidmouth the lower beds are about 20 ft. 
thinner (7), the total estimated thickness being about 65 ft. (2). 
At Great Haldon Hills the beds appear to be 65 ft. thick and at 
Little Haldon about 90 ft., a well at a house on the hill proving 
that thickness. 

In the inland districts of Devon there are few localities where 
the formation is complete. The lower or Blackdown sands have 
been estimated at from 80 to 100 ft., and in places the base of 
the sand is 200 ft. below the summit of the ridges and there is 
no reason to suppose the total thickness is less than along the 
coast (2). 

The sections proved in the shafts of the tunnel on the London 
and South- Western Eailway at Honitonshow that the basement 
beds increase in thickness from east to west, but this is due to 
the surface of the underlying Bed Marl being uneven. The five 
shafts from east to west penetrated the following thicknesses of 
greensand: — 179, 221, 213, 169 and 91 ft., the variation being 
partly due to change of surface level (2). 

LlASSIC. 

The Lower Lias is exposed in the cliffs east of Sea ton and there 
consists of blue limestone thickening eastwards from 70 to 85 ft., 
covered by 16 ft. of clay and shale, and this by indurated grey 
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marl, giving in all a thickness of 105 ft. (.1 and 9). There is 
reason for believing that the stone-beds of Lyme Regis, in the 
neighbouring part of Dorset, diminish in thickness towards the 
north. The only available information as to the thickness of the 
Lias in Devon is derived from the coast-sections. 

Teiassic, 

Rhaetic. 

The coast-sections east of Seaton show that the White Lias is 
25 ft. and the Black Shales 20 ft. thick (7). 

New Red Series. 

The underlying Keuper Marls have been estimated at 1,300 ft. 
in thickness, the uppermost 35 ft. being grey and the remainder 
chiefly red. A boring for coal near Lyme Regis penetrated 
1,130 ft. of these marls without reaching their base (7 and 9). 
The sandstones 'which underlie the marls rise into the cliffs at 
Sidmouth and thence after a brief interval extend westwards to 
Budleigh Salterton. A borehole for the water supply of Exeter, 
made at Dotton Lane near Colaton Raleigh, started in sandstones 
at an estimated depth of 100 ft. from their junction with the 
overlying marls, and continued in them to a depth of 302 ft. 
Thence to the bottom, a further distance of 36 ft., the boring was 
in pebble-beds (7). 

The Budleigh Salterton Pebble Beds are perhaps as much as 
80 ft. on the coast but appear to diminish inland (7). 

Permian. 

The Permian beds of Devon consist of a series of byeccias and 
sandstones overlain by marls, all most variable in thickness but 
showing a remarkable attenuation towards Exeter. 

The marls extend along the coast from Exmouth to near Bud- 
leigh Salterton and northwards to the borders of Somerset. On 
the coast they can scarcely be less than 800 ft. thick but they 
thin northward to 200 ft. near Somerset (9). 

The Lower Sandstone and Breccia have an estimated thickness 
of 450 ft. (8), while 332 ft. of the underlying boulder-breccia 
was proved in a boring at Combe, near Teignmouth, without the 
base being reached (8). 

There can scarcely be less than 500 ft. of the Watcombe breccia 
on the coast, but it appears to diminish rapidly northwards to 
20 or 30 ft. near the Teign estuary (9). A Dormg at Heavitree 
commenced in this series and encountered 697 ft. of sandstone 
and marl. 

The Watcombe Clays have a restricted distribution on the coast 
and are probably nowhere more than 150 ft. thick (9). 
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DORSET. 

Table of Strata exposed and proved in borings. 



Superficial 

Pliocene 
Oligocene , 

^Eocene 



•Cretaceous 



■Oolitic 



liiassic 



Triassio 



( AUuvium, Valley Gravel 

" (Plateau Gravel, Clay with Flints 

.. Elephant Bed of Dewlish 

.. Creech BarrOTv Limestone 

[ Bagshot Beds 

London Clay ... 

Reading Beds ... 

Chalk (Upper, Middle and Lower) ... 

Upper Greensand and Gault (Sel- 

bomian) 

j Lower Greensand 

(Wealden 

Purbeck Beds 

Portland Beds ... 
Kimmeridge Clay 

Corallian 

Oxford Clay with Kellaways Beds 

Combrash ... 

Forest Marble 

Fuller's Earth (FuUonian) 

Inferior Oohte 

MidfordSand 

Lias (Upper, Middle and Lower) 



Thickness in 
feet. 



to 400 
100-250 
70-100 
up to 1,320 



up to 170 
0-198 
...up to 2,350 

189-395 
average about 260 

...900 to about 1,200 
120-216 
about 500 
about 30 

80-130 
about 150 
15^5 
135-150 

about 900 



Proved in borings only ; — 

C Rhaetic Beds 60 

■■■ tiCeuper Marl ... proved to be more than 1,168 



AutJiorities. 

1. Jurassic Rocks of Britain, Mem. Geol. Sttrv., vol. iii, 1893. 

2. „ „ ih., vol. iv, 1894. 

3. „ „ ih., vol. V, 1895. 

4. Cretaceous Rocks of Britain, ib., vol. i, 1900. 

5. „ „ ib., vol. ii, 1903. 

6. ' „ „ ih., vol. iii, 1904. 

7. Geology of the Country around Ringwood, ib., 1902. 

8. „ ,, Bournemouth, ih., 1898. 

9. „ ,, Dorchester, ib., 1899. 

10. Geology of the Isle of Purbeck and Weyniouth, ib., 1898. 

11. Geology of the Country near Sidmouth and Lyme Regis, ib., 2nd Ed , 1911. 

SUPEEFICIAL. 

Plateau Gravel abotinds in soutli-east Dorset at various levels 
■from 330 ft. downwards. The higlier outliers consist mainly of 
angular flints, the lower of much subangular material derived 
from the Eocene deposits. There are good sections at Moreton 
Station in the gravel of the lower plateaus. It is there about 
8 ft. thick, which appears to be about the average (9). Clay- 
with-flints is found on the higher parts of the Chalk, especially 
near Dorchester, but it is seldom more than 5 ft. thick (9). 

D 2 
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' PLIOCEira. 

The only Pliocene deposit known in Dorset occupies a cleft 
or fissure in the Chalt at Dewlish. 

Oligocene. 

The existence of a limestone, probably of Oligocene age, on 
Creech Barrow has been demonstrated by Messrs. W. H. 
• Hudleston, Geol. Mag. for 1903, pp. 149 and 197, and H. Keeping 
ib. 1909, p. 555. 

Eocene. 
Bagshot Beds. 

The Bagshot Beds in this county mainly consist of sand and 
gravel with seams of pipe-clay and lenticular masses of car- 
bonaceous loam or clay containing fossil leaves. Westward the- 
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deposits become coarser anii more gravelly. The top of tlie 
Bagsliot Beds has not been seen, but a thickness of several 
hundi>ed feet is believed to be attained (8). 

London Clay. 

This formation, as developed in Dorset, consists Inrgely of sand 
or sandy loam (9) . It is partly overlapped westwards by Bagshot 
Beds. At Fordingbridge, just within the Hampshire border, it 
was found, in a well-section, to be 118 ft. thick and also to contain 
many seams of clay with septarian nodules (7). Nearer Dorchester 
it has thinned out to less than 100 ft. (9) ; but further south, at 
Studland and near Lulworth, it was estimated to be 250 ft. and 
150 ft. respectively, in both cases, however, the sharp folding of 
the strata making an estimate difficult (10). 

• ^ Readdng Beids. 

Near Dorchester the Reading Beds contain a certain amount of 
the characteristic red-mottled el4y, but mostly consist of coarse 
sand and fine gravel. In a Xvell-section at Fordingbridge their 
thickness was found to be 73 ft. 6 in. (7). In the Bournemouth 
district it is said to be about 70 ft. (8), and near Dorchester 70 
or 80 ft. (9). At Studland it has been estimated at 100 ft., but 
the beds there are distorted by folding. 

CketaceotjS. 
Chalk. 

The Chalk shows a marked attenuation westwards in all its 
subdivisions, and is, moreover; partly overlapped in the same 
direction by the Tertiary Beds. 

In South Dorset we have a series of estimates ranging from 
Swanage through the Isle of Purbeck, but the disturbed and 
crushed condition of the strata renders precise measurement impos- 
sible. Near Swanage these estimates give, for the Upper Chalk, 
1,049 ft., for the Middle Chalk,_ 128 ft., for the Lower Chalk, 
143 ft. Thence westwards to White Nothe, at the west end of the 
'Isle,' the measurements show Upper Chalk, 956 ft., Middle 
Chalk, 134 ft., and Lower Chalk, about 80 ft. Still further west, 
on Blackdown, the overlap by the Tertiarj'^ Beds is so marked that 
there are only 300 to 500 ft. left of the Upper Chalk (10). 
, In North Dorset the thickness of the Upper Chalk is about 
950 ft. (6), while that of the Middle Chalk ranges from 100 ft. to 
70 or 80 ft., the attenuation being westwards. The Lower Chalk 
varies from 180 ft. near Shaftesbury to 80 or 90 ft. westwards, 
chiefly through a diminution in the thickness of the Chalk 
Marl (5). 

Upper Greensand and Gault (Selbornian). 

The Gault Clay passes gradually westwards into a glauconitic 
sandy clay or silt, which is indistinguishable lithologically from 
the Upper Greensand. While therefore the united thickness of 
the two members, of the Selbornian remains fairly constant, with 
a slight tendency to thicken westwards, the relative thicknesses of 
eaud and clay change greatly. In South Dorset they vary as 
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f oUows : — Near Ballard Point, sand 65 ft., clay 91 ft.; at 
Worbarrow, sand becoming loamy below, 124 ft., clay 46 ft. ; at 
Lulworth, sand with some clay in the lower part, 129 ft. ; at 
White Nothe, sand 102 ft., sandy clay and clay 48 ft. In West 
Dorset the united thicknesses amount to 160 or 170 ft. (10). 

Between Shillington and Okeford Fitzpaine the clay is about 
60 ft. thick, but no trace of it has been seen at Beaminster, where 
the sand is about 100 ft. thick (4). The Gault rests with a pro- 
nounced unconformity upon all the older rocks in turn. 

' Lower Greensand. 

The \ipper subdivision of the Lower Greensand consists chiefly 
of sand, but includes a dark clay with selenite in the upper part 
and is inter laminated with clay in the lower part; The lower 
subdivision consists of reddish clay (Atherfield Clay) with some 
sandstone and with a sandy base. Both subdivisions thin away 
westwards. The sands not infrequently throw out strong springs 
of chalybeate water. In South Dorset, near Swanage, the upper 
sandy subdivision is 149 ft. and the lower clayey subdivision 49 ft. 
thick. In Worbarrow Bay these thicknesses are reduced respec- 
tively to 104 ft. and 32 ft., while in Mupe Bay the thickness of 
the whole formation is not more than 66 ft. The Lower Green- 
sand is not seen again in Dorset west of this bay (10) . 

In North Dorset the Lower Greensand crops out from beneath 
the Gault near Shaftesbury and Okeford Fitzpaine. Three miles 
south of Shaftesbury it consists of fine sand with thin layers of 
coarse quartz-sand in the upper jjart, and is estimated to be 
between 30 and 40 ft. thick (A. J. Jukes-Browne, Geol. Mag. for 
1891, p. 456). At Okeford Fitzpaine it is represented by a few 
feet of sand between the Gault and the Kimmeridge Clay (R. B. 
Newton, Geol. Mag. for 1896, p. 198). 

Wealden Beds. 

This formation consists in Dorset of extremely variable sands 
and pebbly grits, irregularly interbedded with red or mottled 
clays. At the eastern end of the Isle of Purbeck, it includes, at 
its top, about 35 ft. of fossiliferous shales. 

The Wealden Beds are thickest in the eastern part of the county. 
Westwards they thin rapidly, and at the same time become 
increasingly coarser in grain. At Swanage their thickness is 
estimated at 2,350 ft., and at Worbarrow Bay, at 1,237 ft. (10). 
In Lulworth Cove the strata are so distorted that no reliable 
estimate of thickness is possible. 

Oolitic. 

Purheck Beds. 

In South Dorset the Upper Purbeck Beds consist of clays and 
shales with thin limestones, which pass insensibly upwards into 
the Wealden clays. The Middle Purbeck also are largely made 
up of shales and alum-shales but include many courses of lime- 
stone. The Lower Purbeck, wluch near Swanage consist largely 
of clays, with limestone in the lower part only, contain more lime- 
stone towards the west. Carbonate of lime ('beef'), with; 
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sulphates of lime and of alumina, occurs in many beds. All three 
subdivisions thin away somewhat rapidly westwards; they are 
overstepped by the Gault near Portisham, and are not seen again in 
Dorset, but they re-appear in Wiltshire. Near Swanage the thick- 
nesses of the Upper, Middle and Lower Purbeck Beds respectivelv 
are :— 60 ft., 166 ft. and 169 ft. ; at Worbarrow, 49 ft., 89 ft. and 
152 ft. ; at Ridgway, 49 ft., 52 ft. and 88 ft. (Vert. Sects, of the 
Geol. Survey, Sheet 22). 

Portland Beds. 

In South Dorset these consist of a massive limestone in the 
upper part and of loamy calcareous sands in the lower part, the 
latter becoming more clayey downwards so as to graduate into 
the underlying Kimmeridge Clay. The limestone as developed 
near Swanage is about 100 ft. thick and includes bands and 
nodules of tlack chert in the lower half. The Portland Sand is 
about 100 to 120 ft. thick. Westwards the limestone thins 
gradually to about 70 or 80 ft. in Portland, and the sands probably 
share in the attenuation, but their base is extremely indefinite 
(10). 

In JSTorth Dorset the Portland Beds are not seen at the surface, 
but they crop out in the Yale of Wardour (Wiltshire, i>p. 143, 
144). 

Kimmeridge Clay. 

This formation consists chiefly of shale with a few thin layers 
of argillaceous limestone. Some of the sjiale is bituminous and 
one band has been worked under the name of 'Kimmeridge 
Coal.' The fact that the Kimmeridge Clay graduates up into 
the Portland Sand has led to apparent discrepancies in the state- 
ments of its thickness. Allowing a thickness of 100 to 120 ft, 
for the Portland Sand, the thickness of the Kimmeridge Clay 
may be estimated to be about 900 ft. in the Isle of Purbeck, and 
to lie between 1,100 and 1,300 ft. north of Weymouth (10). 

In North and West Dorset the Kimm.eridge Clay forms a broad 
outcrop, but its thickness has never been ascertained. 

Corallian. 

These beds reach their greatest development, so far as regards 
England, in the neighbourhood of Weymouth. 

They include the following strata in descending order : — 

S. Dorset. N. Dorset (3). , 

feet. feet. 
Thin limestone, locally converted into 

haeraatite and calcareous grit about 12 15 



Clays with calcareous bands, &c., and cal- 
careous sandstones about 20 "J 



Clays 

Beddish calcareous grits 
Oolitic limestone and marl 



Laminated sands with calcareous ' doggers ' 10 1 

Sandy clays 40 , 25 

Calcareous grits, &c 35 J 



25 3 

14 7 
60 3 



22 
58 
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The aggregate thickness may be taken as being 200 ft. in Sputb 
Dorset and not more than 120 ft; in North Dorset. 

Oxford Clay with Kellaways Beds. 

The Oxford Clay consists of clay and shale with septarian 
nodules. The Kellaways Beds, at its base, are represented near 
Weymouth by thin bands of calcareous sandstone of variable 
thickness. The total thic)iness of the group in Dorset may be 
taken at about 500 ft. (3). 

Comhrasli. 

This formation though thin is constant in occurrence. It con- 
sists of rubbly and nodular limestones, not oolitic, separated by 
layers of clay or shale, and makes a small but characteristic 
scarp in the landscape. It ranges from 30 to 40 ft. in thickness 
in South Dorset (10) and from 20 to 25 ft. in ISTorth Dorset (2). 

Forest Marhle. 

The Forest Marble consists of grey clays with false-bedded 
oolitic, shelly limestones, irregularly interstratified but the lime- 
stones predominating towards the middle. The base of the Forest 
Marble is arbitrary, so that estimates of thickness in South Dorset 
have varied from 80 to upwards of 130 ft. (2 and 10). In North 
Dorset the thickness is estimated at 130 ft. (2). 

Fullonian. 

This formation in Dorset consists chiefly of clay with some 
lenticular bands composed of oyster-shells. 

The Fuller's Earth Rock, consisting of earthy limestones which 
separate the Upper and Lower Fuller's Earth Clays, has not been 
distinguished in South Dorset, but has been traced from North 
Dorset northwards to near Bath (Somerset). 

In South Dorset the Fullonian attain their maximum develop- 
ment, and have been estimated to be 150 ft. thick (2). 

In North Dorset the Fuller's Earth Rock has been seen to a 
thickness of 34 ft., and the Lower Fuller's Earth Clny to a thick- 
ness of nearly 50 ft. (2). 

Inferior Oolite and Midford Sands. 

The Inferior Oolite in Dorset consists mainly of bands of 
oolitic, earthy or sandy limestone, while the Midford Sands are 
composed of micaceous yellow sands, with bands or nodular 
masses of calcareous sandstone. On the coast, near Bridport, the 
total thickness of the Inferior Oolite was found to be about 16 ft., 
but in a boring at Castleton, Sherborne, about 45 ft. were assigned 
to this formation. In the same boring the total thickness of the 
Midford Sands was 135 ft., b\it a thickness of 150 ft. or more is 
said to be attained in some parts of Dorset (2). 

LlASSIC. 

The Upper Lias consists mainly of bluish-grey clay and shale, 
with nodules of argillaceous limestone, the lowest bands being 
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pale earthy limestones and marls or clays. The Middle Lias 
is chiefly composed of micaceous sands with 'Doggers,' mica- 
ceous marl and clay with nodules of grey earthy limestone, sandy 
limestones, and calcareous sandstones. The Lower Lias consists 
mostly of clays or shales and limestones. In South Dorset, from 
observations made on the sea-cliffs, it is estimated that the Upper 
Lias is about 70 ft. thick, the Middle Lias 345 ft.; and the 
Lower Lias 485 ft.— total about 900 ft. (1). 

Teiassic. 
Rhaetic. 

These beds, as shown by a boring at Lyme Regis (11), consist 
of white limestones and marls in the upper part, with a thick- 
ness of 28 ft., and of dark shales and occasional thin limestones 
in the lower part, with a thickness of 32 ft. 

Keuper Marl. 

In the Lyme Regis boring referred to above, the marls were 
penetrated to a thickness of 1,168 ft. without reaching their base. 
The uppermost 81 feet were grey and green marls, part of which 
is included by some authors in the Rhaetic group, while the 
remainder consisted of red and green marls with gj^psum (11). 
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Table of Strata exposed or proved in borings. 



Superficial . 



Pliocene 



Eocene 



j Alluvium 
'. Biver Gravel 
\ Glacial Drift 









Thiokness in 
feet. 
0-70 
6-40 
0-more 


than 
340 


Crag 


... 






a few feet. 




Bagshot Beds 
London Clay 

/ Oldhaven Beds, 

1 Woolwich and 

! feet. 

^Thanet Sand, 


"(3^25 feet 
Reading 

-100 feet 


Bed's, 


20- 


to 45 
to 532 

'^ 30-181 





Cretaceous Upper, Middle and Lower Chalk 
Proved in borings only : — 



Cretaceous 



Upper Chalk, 420i feet 
Middle Chalk, 228^ feet 
Lower Chalk, 173J feet 
Upper Greenaand and Gault . 
Lower Greensand (supposed). 



Oolitic ... Clays of doubtful age ... 
Palaeozoic Rocks 



647-890 
61-200 



Authorities. 

1. The Geology of the Eastern End of Essex 

2. The Geology of the N. W. part of Essex . 



llem. Geol. Surv., 1877 
ib., 1878. 



3. The Geology of London and of part of the Thames Valley, ib., Vols, i and ii, 

1889. 

4. Records of London Wells, ib., 1913. 

5. Water Supply of Essex, ib. In the Press. 

SUPEEFICIAL. 

Alluvium and River Gravel. 

The deposits of clay, silt, and peat classed under the head of 
Alluvium acquire an unusual importance owing to their wide 
extent in the Essex marshes. 

On the north shore of the Thames as far east as Purfleet, the 
Alluvium averages about 15 ft. in thickness, and rests upon about 
20 ft. of gravel (ballast). It includes beds of peat formed by 
the growth of aquatic plants and by the drifting of wood (3 and 5). 

At Tilbury there are more numerous alternations of clay and 
peat, and the total thickness reaches 50 ft. in places, while the 
underlying gravel may be 10 or 20 ft. (5). 

Near Corringham, to the west of Canvey Island, the Alluvium 
includes a bed of peat 2| to 3 ft. thick, and extends to a depth 
of more than 50 ft. Dark gravel with a thickness up to 27| ft. 
underlies it (5). 
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In Canvey Island mud and sand extend to a maximum depth 
of 80 ft., but the underlying gravel in such eases is absent. Tn 
the same neighbourhood the sand is 30 ft. and the gravel 40 ft. 
thick (5). 

On Foulness Island the Alluvium consists of brown and dark 
sand, and extends to a depth of 70 ft. as a maximum. Shingle 
and ballast intervene in places between it and the Tertiary 
Beds (5). 



S 







Glacial. 

A great sheet of boulder clay which stretches across Cam.bridge- 
shire and Suffolk enters Essex and extends, in outliers, as far 
south as Brentwood. The Drift ranges up to a thickness of con- 
siderably more than 100 ft., but in such cases consists of boulder- 
clay with sand and gravel, in varying sequence. Gravel may 
form the bulk and boulder-clay may occur in subordinate bands, 
but over a large part of the county boulder-clay occurs at the 
surface and is underlain by sand and gravel. 
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The following are some of the most notable thicknesses met 
with in wells (5) : — 

In the one-inch Map 205^ : — -Ashdon, 57 feet ; Chrishall, not bottomed 
at 72 ; Great CJiesterford, mostly sand and gravel 156 ; Littlebury, 
loam, clay and sand, not bottomed at 218 ; Little Chesterford, boulder- 
clay 126 on 6 feet of gravel. 

In the one-inch Map 206^ i — -Birdbrook, boulder-clay 75 feet on sand 43 feet ; 
Foxearth, clay and gravel 51 ; Henny, sand and gravel 76 ; Ovington, 
boulder-clay 104 on sand 21 ; Tilbury-juxta-CIare, boulder-clay 
(supposed) 95 feet. 

In the one-inch Map 222^ : — Arkesdon, brown clay 105 ; Debden, brown and 
blue clay 73^ ; Debden Cross, boulder-clay 126 on sand and gravel 75 ; 
Elsenham, clay, gravel and sand 86 ; Great HaUingbury, clay and sand 
not bottomed at 128 feet ; Great SaUng, boulder-clay 12 on sand and 
gravel 63 ; Newport, clay, loam and sand not bottomed at 340 feet in 
one well, but bottomed at 185 feet in another ; Quendon, clay, gravel 
and sand to 79J ; Radwinter, clay and gravel 91 ; Riokling, boulder- 
clay 22 on gravel and sand 61 ; Stansted Mountfitchet, gravel 67 ; 
Takeley, boulder-olay 72 ; Thaxted, boulder-clay 28^ on gravel and 
sand 48f ; Wenden, clay, loam, sand and gravel 253 feet on boulder- 
clay 19 feet ; Wimbish, boulder clay 44 on gravel and sand more than 
32 feet. 

In the one-inch Map 223^ : — Booking, boulder-clay 29 on sand and gravel 
22J ; Coggeshall, clay and sand 35 on clay 37 ; Halstead, boulder-olay 
20 on sand 70 ; Wakes Colne, bouIder-cIay 31 on sand and gravel 30 feet. 

In the one-inch Map 240' : — Harlow, clay and sand 66 ; Hatfield Broadoak, 
gravel and sand 6 or 7 on clay 120 feet ; Little HaUingbury, gravel and 
boulder-clay 55 on sand to 5 ; Sheering, clay, loam, sand and gravel to 
75 feet. 

In the one-inch Map 241^ : — Chelmsford, gravel and sand to 67 ; Witham," 
gravel and silt 40 on boulder-clay 29 feet. 

In the'one-inch Map 258^ : — HeUon Bumpstead, boulder-olay 125 on sandy 
loam 11^. 

In this list the records at Quendon, Newport, Wenden, Littlebury and Great 
Chesterford call for especial notice. They range along the vaUey of the 
Cam and show the existence of a deep channel extending to below sea- 
level, '^ and ranging, as recently proved by a boring at Whittlesford in 
Cambridgeshire (p. 24) for upwards of 11 miles. In the following table 
the records referred to are arranged from north to south. The elevations 
are given in feet, and the height of the rock-surface above or below 
Ordnance Datum is indicated by the signs + and — respectively. 



Elevation of surface 
Depth to base of Drift 
Elevation of rock-surface 



W 
g 



300 

142 

-fl58 



o. 

I 




T3 

1 




K 


"P 0) 


M 


is be 


-S 




"^ 


^M 


C 


•^1 



200 


230 


More 




than 




340 


272 


More 




than 




—140 


-40 



157 


142 


120 


More 




More 


than 




than 


218 


156 


: 455 


More 




' More 


than 




I than 


— 61 


— 14 


—335 



' The scale of the map on p. 63 does not admit of the insertion of all the 
names here mentioned. They are therefore located approximately by reference 
to the New Series One-inch Map. 

' W. Whitaker. Quart. Journ. Oeol. Soc, vol. xlvi, 1890, p. 333. 
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Pliocene. 
Crag. 
A few outliers of Eed Crag are found in the north-eastern part 
of Essex, resting on the London Clay. They consist of coarse 
current-bedded ferruginous sand. The sand is crowded in parts 
with broken shells, and in the lower part contains rolled phos- 
phatic nodules (1). It is of limited distribution, and only a -few 
feet thick. 

Eocene. 

Bagshot Beds. 
These sands graduate down into the London Clay by alterna- 
tions of sand and loam. They include gravels composed chiefly 
of flint-pebbles imbedded in a clayey matrix. Two of the borings 
in the table following p. 56 started in Bagshot Beds, and at 
Great Warley a thickness of 45 ft. was definitely assigned to that 
formation. At Brentwood there may be probably a thickness of 
41 ft. (5) ; in other outliers somewhat less has survived denuda- 
tion. At Laindon, or Langdon, Hill the Bagshot Beds were not 
bottomed at ?,^ ft. (3 and 5). 

London Clay. 

This sub-division, except for the passage beds at the top, con- 
sists almost wholly of soft brown, blue, or grey clay, with occa- 
sional septaria. Its thickness has been determined as more than 
532 ft. at Ingatestone, and as 493 ft. at Great Warley, where 
it is overlain by Bagshot Beds. At Brentwood a boring shows 
483 ft., under what was thought to be Bagshot Beds. Among 
other notable but incomplete measurements may be mentioned 
417 ft. at Southend, 410 ft. at Eayleigh, 394 ft. at Chelmsford, 
385 ft. at Burnham, and^ 380 ft. at Shoeburyness (5). Though 
the London Clay attains its full development under outliers of 
Bagshot Beds, it is far from doing so under outliers of Crag. 
In the latter case the part removed by denudation before the 
Crag was deposited may amount to upwards of 300 ft. A large 
proportion of the wells in Essex have been sunk through the 
London Clay, and for the thickness of that formation existing 
at any given spot, reference should be made to the Geological 
Survey Memoir on the Water Supply of Essex, now in the press. 

Lower London Tertiaries. 
Under this general title are included : — 



South and 


North and 


East Essex. 


West Essex. 


Ft. 


Ft. 


25 


to 



Oldhaven and Blackheath Beds — fine sand 

crowded with flint- pebbles ... 
Woolwich and Reading Beds, grey shelly 

clay, and sands irregularly inter- . 

bedded with brightly-coloured clays 20 to 60 

Thanet Sand, quartzose sand vfith some 

green grains and argiUaoeous matter 

At the base a layer of unworn flints 

with a green coating ... ' ... ... 10-100 to ■ 
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The Oldhaven Beds, where characteristically developed, are 
separable from the London Clay above and the "Woolwich Beds 
below. To the south-east of London they consist chiefly of 
perfectly rolled shingle, and at times eat deeply into the under- 
lying strata, or even overlap them. In Essex the pebbly facies 
is represented, but the beds may consist almost wholly of sand. 
In the north and west the Oldhaven Beds are absent. 

The Woolwich and Eeading Beds vary rapidly in character, 
clay or sand predominating in neighbouring spots. Th-ey rest 
on a somewhat eroded surface of the Thanet Beds, t.nd contain 
flint-pebbles at ,their base. Where they Test directly on the 
Chalk, a layer of angular and green-coated flints rests upon the 
surface of the Chalk, and that surface is eroded and piped. In 
northern Essex the Woolwich Beds range from 50, to 60 ft. in 
thickness, and in Southern Essex from 20 to 50 ft. 

The Thanet Sand maintains a greater regularity in its character 
than the Woolwich Beds, but is not always present. It reaches its 
greatest thickness of more than 100 ft. towards the east, and is 
absent or thin through much of northern Essex. 

These sub-divisions in the strata between the London Clay and 
the Chalk are often difficult to determine. Taken together, they 
show the following measurements, as deducted from the table fol- 
lowing this page: — 

In West Essex- their thickness ranges from a minimum of 44 ft. in the 
north (Pelstead) to a maximum of 147J ft. in the south (Homdon). 

In Mid Essex' it ranges from a minimum of 44 ft. in the north (Henny) 
to a maximum of 181 ft. in the south (Southend). 

In East Essex' it ranges from a minimum of 30 ft. in the north (Harwich) 
to a maximum of 129 ft. in the south (Fouhiess). 

Ceetaceous. 

Chalk. 

The Upper Chalk and a part of the Middle Chalk come to the 
surface in Essex, but the whole of the formation has been traversed 
in borings at Loughton, East Ham, Weeley and Harwich. Erom 
these it appears that the total thickness ranges from 685|- to 647 ft. 
in the south-west of Essex and from 8221 to 890 ft. in the north-east 
of the county. A further expansion takes place in Suffolk (p. 128). 
In the Weeley boring the three subdivisions of the Chalk were 
recognised with some probability; 420| ft. were assigned to the 
Upper, 228i ft. to the Middle, and 1731 to the Lower Chalk (5). 

Upferi Greensand and Gault. 

The Upper Greensand and Gault together decrease in thickness 
from 200 ft. in the south-west of Essex (East Ham) to 76 ft. at 
Weeley and 61 ft. at Harwich in the north-east. This attenuation 
continues in Suffolk and Norfolk (pp. 128 and 100). At Loughton 
30 ft. of green sand and calcareous sandstone, lying above the 

' By West Essex is meant that part of the county which is included in the 
New Series One-inch Maps 205, 222, 239, 240, 256, 257 and 271 ; Mid Essex is that 
part which lies within Sheets 206, 223, 241 and 258 ; and East Essex is included in 
Sheets 224, 242, 259. The limits of these sheets are indicated in Fig. 11, p. 53. 
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* These numbers refer to the New Series one-inch Map. 



' The base of the Gault is believed to have been reached. 

* This may include some superficial deposits. 



• Of which 37 feet were described as Upper Greensand. ^ Other records near Ilford show Woolwich Beds up t 

' Of this thickness 24 feet may have belonged to the London Clay. 
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ault is believed to have been reached. 
This may include some superficial deposits. 



' Of which 37 feet were described as Upper Greensarni. =* Other records near Ilford show Woolwich Beds up to 55 feet and Thanet Sand up to 50 feet in thickness. 

* Of this thickness 24 feet may have belonged to the London Clay. 
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Gault Clay, was assigned to the Upper Greensand, and at East 
Ham a thickness of 37 ft. was assigned to that formation, pre- 
sumably a similar evidence (5). 

Lower Greensand. 

Lower Greensand is sometimes assumed to have been reached 
at Loughton, but as a fact no specimen was obtained that could be 
so described. Water was struck and boring-operations ceased 
about 172 ft. below the base of the Chalk (3). 

Oolitic. 

Rocks of Oolitic age are believed to have been reached at Saffron 
Wald'en. All however that is known is that a great mass of marl 
and clay was passed through which was believed to include part 
of the Kimmeridge and Oxfbrd Clays (2) . 
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Tahle of Strata. 



Superficial ..{^™., 



Oolitic 



Liassic 



Triassic 



('Oxford Clay 

Kellaways Rock 

Combrash 

Forest Marble ... 

Bradford Clay ... 

Great Oolite 

Fuller's Earth . . . 

Inferior Oolite ... 

.Midford Sands ... 

/Upper Lias 

. ( Middle lias 

[Lower Lias 

SBhaetic 
Keuper Marl 
Keuper Sandstone 
Bunter 



Thickness in 
feet. 

to 20 
to 7.6 

not proved. 

75 

13-16 

40-100 

0-8 
70-160 

1-84 
50-250 
12-146 

100-200 

60-280 

961 

20-48J 

481 
to 74 



Palaeozoic rooks 



Atjthobities. 

1. Jurassic Bocks of Britain, Mem. Geol. Sure., vol. iii, 1893. 

2. „ „ Mem. Geol. Surv., voL iv, 1894. 

3. „ „ Mem. Geol. Surv., vol. v, 1895. 

4. L. Richardson, Geology in the Field, Geol. Assoc, 1910, p. 329. 

5. Summary of Progress for 1912, Mem. Geol. Surv., 1913, p. 90. 

SXTPERFICIAL. 

Glacial. 

Glacial deposits occur only in the north-eastern parts of the 
county. The greatest thickness was found on the hill above 
Mickleton Tunnel, where 76 ft. of sandy drift lies upon the 
Lias (1). 

Oolitic. 
Oxford Clay with Kellaways Beds. 

The full thickness has not been ascertained in Gloucestershire, 
but a boring at South Cerney showed 106 ft. of Oxford Clay 
and Kellaways Beds, of which about 75 ft. were assignable to the 
Kellaways Beds (3) . 

Combrash. 

The Combrash consists of about 13 to 16 ft. of rubbly lime- 
stone (2). 

Forest Marble. 

The Forest Marble consists of shelly marl, green and grey clay 
and rubbly limestones with some sandstone. It is more than 100 ft. 
at Cirencester (2), but at Tetbury 60 ft. (2), and at Coin Rogers 
only 40 ft. thick (2). The basal bed, known as the Bradford Clay, 
is never more than 8 ft. thick and in many places cannot be distin- 
guished as a distinct bed (2) . 



G lot; cesteh sh i ke. 
Fig. 12. Gloucestbeshike. 
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Great Oolite. : 

This consists of oolitic and rubbly limestones with beds of 
calcareous clay and sands. In the neighbourhood of Cirencester 
and Minchinhampton it is from .70 to 90 ft. thick, but at Ched- 
worth it is 120 ft. .and at Tetbiiry 160 ft. thick. 

The basal bed, known as the Stonesfield Slate, is not well 
developed in Gloucestershire. 

Fuller's Earth. 

This bed of clay is 84 ft. thick at Tetbury (2), but seems to thin 
northward, as it is 50 ft. thick at Chedworth (2), 25 to 30 ft. near 
Wotgrove (2), and only 1 ft. thick at Rissington. 

It is not of any economical value as fuller's earth. 

Inferior Oolite. 

This series has a varied development in Gloucestershire. The 
maximum thickness of 250 ft. is reached at Cheltenhnm (2). 
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The local divisions and variations in thickness are given in feet 
in the following Table (2) : — 
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Mid ford Sands. 

The Midford Sands form a passage int6 the Upper Lias. They 
reach their greatest thickness oi. 145 . ft. in the south. 

Lias SIC. 

The total thickness of the Lias in North Gloucestershire is given 
as 1,360 ft. (1). In the south of the county it is much thinner. 

The Upper Lias varies from 100 Ift. on Bredon Hill to 150 ft. at 
Dumbleton and 200 ft. at Leckhampton (1). 

The Middle Lias varies from 60 ft. to 280 ft. At Wooton-under- 
Edge it is estimated as being 200 ft. thick. 

The upper 2 to 15 ft. of the Middle Lias is a hard ferruginous 
sandy limestone, known as the ' Marlstone ' ; the lower beds are 
sandy clays with ferruginous bands and nodules (1) . 

The boring' at Mickleton (p. 62) proved the Lower Lias to be 
961 ft. thick (1). 

Tkiassic. 

The Rhaetic beds are well exposed in the banks of the Severn 
where the river runs along the junction of the Jurassic and 
Triassic rocks. 

The upper division is known as the White Lias, which is about 
20 ft. thick ; below this lie about 30 ft. of black shales with some 
grey sandy beds and the well-]cnown bone-bed at the base (4). 
In the north of the county, at Mickleton and Batsford, the 
lihaetic group, as thus defined, had a thickness of 44 and 48|-' ft. 
re.speetively (1, 5). 

Below the Rhaetic shales lie the Tea-green Marls which pass 
downwards into the normal red marls of the Keuper. 

In the Batsford boring there were 481 ft. of marls above 74 ft. of 
Keuper Sandstone (5). In the south of the county the basal bed 
of the marls is often a dolomitic conglomerate which lies in hollows 
in the pre-Triassic floor. 

A small area around Bromsberrow is occupied by Upper Bunter 
Sandstone (4), but elsewhere in the county this formation appears 
to be absent and the Keuper rests directly on the Carboniferous 
or older rocks. 
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Principal Borings in 

GLOUCESTERSHIRE. 
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HAMPSHIRE, iNCLUDiKG the isle OF WIGHT. 



Superficial 



Oligocene 



Eocene 



Ci'etaceous . 



Table of Strata. 



Thickness in 
feet. 



IPeat, Alluvium ... 

Valley Oravel — 
Plateau Gravel, Clay and Gravel with 

flints — 

Hamstead Beds ... ... ... up to 256 

Bembridge Beds 70-120 

i Osborne Beds 80-119 

iHeadonBeds 147-212 

(Upper Bagsbot or Barton Sand and 

Headon HiU Sand 80-244 

Barton Clay and Bracklesham Beds ... up to 580 

Lower Bagshot Beds 15-662Jft. 

London Clay 118-336 

Reading Beds 60-163 

Upper, Middle and Lower Chalk ... up to 1,645 
Upper Greensand and Gault (Sel- 

bornian) 270-330 

Lower Greensand 400-800 



\Wealden Beds 



supposed more than 2,000 



Authorities. 

1. Geology of the London Basin, Mem. Geol. Surv., vol. iv, 1872. 

2. Geology of the Weald, Mem. Geol. Surv., 1875. 

3. Cretaceous Rocks of Britain, Mem. Oeol. Stirv., vol. i, 1900. 

4. „ „ Mem. Oeol. Surv., vol. ii, 1903. 

5. „ „ Mem. Geol. Svrv., vol. iii, 1904. 

6. Geology of the Isle of Wight, Mem. Geol. Surv., 2nd Ed., 1889. 

7. Geology of the Country around Southampton, Mem. Geol. Surv., 1902. 

8. ,, „ Ringwood, Mem. Geol. Surv., 1902. 

9. Water Supply of Hampshire, Mem. Oeol. Surv., 1910. 

10. Geology of the Country around Basingstoke, Mem. Oeol. Surv., 1909. 

11. ■ „ „ AndoVer, Mem. Geol. Surv., 1908. 

Superficial. 

Peat-bogs are common in the New Forest over areas of water- 
logged sand (7). Clay-with-flints, or unstratified angular gravel- 
with-flints, is spread widely on the Chalk slojjes of central Hamp- 
shire. Plateau-gravel covers considerable areas in southern 
Hampshire and the Isle of Wight; the gravel of St. George's 
Down is dug to a depth of more than 30 ft., but the full thickness 
may be considerably more. North of St. George's Down there 
are shallow pits in plateau-gravel showing 5 or 10 ft. of gravel 
resting on Oligocene Clay (6). 

Oligocene. 

The Hamstead Beds are marine, freshwater and estuarine marls. 
They attain a thickness of about 256 ft. in Hamstead Clift", and 
exceed 200 ft. at Parkhurst Forest and at Wootton (6). 

The Bembridge Beds are freshwater, estuarine and marine clays 
and marls resting on limestone. They reach their greatest thick- 
ness of about 120 ft. at the east end of the Isle of Wight but 
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dwindle to 70,ftv tovi^aj'ds the, west. The Bembridge Limestone 
is about 15 to'16'ft. thick at Seadon Hill; at Sconce from 16 to 
20 ft. and in Whitecliff Bay 24 to 27 ft., but it appears to be thin 
near IS'ewport (6). 

The Osborne Beds are composed of clays, shales, marls and con- 
cretionary limestones. Their thickness ^^aries from about 80 ft. at 
the east and the west ends of the Isle of Wight to 103 to 119 ft. 
at Cowes and Newport (6) and 117 at Wootton (9). 

The Headon Beds are copiposed of freshwater, estuarine and 
marine sands, clays and limestone-bands of a variable nature. 
Their total thickness is estimated to be 147 ft. at Headon Hill and 
212 ft. at Whitecliff Bay (6). At Boldre they were bored through 
for 168 ft. (top absent) and at Bembridge for 114 ft. (base not 
reached) . At Newport their full thickness was proved to be 
204 ft. (9). i 

" ' Fig. 13. Hampsuike, including'the Isle or Wight. 
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Eocene. 
Barton find BracJdelsham Beds. 
In the Isle of Wight, between the Headon Beds and the Barton 
Clay lie some yellow and white sands known as the Bajton (or 
Headon Hill) Sands, which probably. belong to a higher zone than 
the Upper Bftgshot series of the London Basin. At Headon Hill 
they are about 110 ft. thick ; in Alum Bay they are probably from 
140 ft. to 200 ft. At Bembridge they were proved to be 244 ft. 
thick (9). In Whitecliff Bay they are 184 ft. (6), On the main- 
land the Barton Sands are usually from 80 to 100 ft. thick (7). 
Barton Clay in that district is well shown at Barton and Hordwell. 
"It consists of sandy clays and sands, with layers of septaria, and 
its thickness in South Hampshire may amount, in places, to nearly 
350 ft. At Dibden it was proved to be 349 fit., at Lymington 
227 ft., and at Milton 125 ft: thick (9). ' But the gradual passage 
of the Bracklesham Beds beneath into the Barton Clay above 
makes the exact limit difficult to determine. In the Isle of Wight 
a measured section in Alum Bay showed a thickness of 255 ft. of 
Barton Clay; another in Whitecliff Bay 162 ft. 1 in. (6). 

The Bracklesham Beds are mainly of marine origin. In Altiim 
Bay the lower beds are clays and marls, the middle beds sands, 
and the upper beds dark sandy clays. The lower beds contain 
lignite. They are best shown in Whitecliff Bay, where their total 
thickness is about 580 ft. (6), thotigh in . Alum Bay it is only about 
155 ft. , 

A borehole made for the supply of Horse Sand Fort, in the 
channel between the Isle of Wight and the mainland, entered 
Bracklesham Beds under the jecent deposits and did not reach 
their base at 569 ft., proving them to be more, than 4711 ft. thick. 

On the mainland they have been proved to exceed at South- 
ampton, 232 ft. ; at Netley, 260 ft. ; at Gosport, 294 ft. ; at Bishop's 
Waltham, 96 ft. ; in all these eases the top being absent. In 
several wells the .thicknesses of Bracklesham and Lower Bagshot 
Beds are more suitably quoted in combination, in consideration of 
the difficulty of separating the two formations. Thus, at Christ- 
church, the thickness of Bracklesham (top absent) and Bagshot 
Beds exceeds 370 ft. at Bournemou,th; nearly 300 It. of sand, all 
attributed to the Lower Bagshpt, have been proved. At Aldershot 
a part of the Bracklesham Beds with the Lower Bagshot amounted 
to 168 ft. 

Lower Bagshot Beds. 

In northern Hampshire the thickness has been estimated at 
50 to upwards of 100 ft., though there are places where there feeems 
to bei room for not more than 30 to 40 ft. between the Bracklesham 
Beds and the London Clay (10) . Clays are developed in the lower 
part and a bed of the exceptional thickness of 28 ft. was sunk 
through at Ilatisdeir(l). The boring at Wellington College, just 
oxitside the Hampshire boundary and quoted on p. 15, showed 
158 ft. of Lower Bagshot Sand and 34 ft. of passage-beds into 
London Clay. 

In southern Hampshire, on ithe mainland, the Bagshot Beds 
consist mainly of sands, loam and. flint-pebbles. In the east their 
thickness is perhaps not more than 15ift.i frhile westward, north 
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of the Kew Forest, it is 200 ft. or more (7). At Southampton and 
Portsmouth the thickness ranges from 30 to 45 ft., -and at Titch- 
field it is about 25 ft. (9). To the west of the Test it is estimated 
at not less than 100 ft. and near Bramshaw is believed to reach 
200 ft. (7). 

In the Isle of Wight the Lower Bagshot Beds attain a thickness 
of 662| ft. towards the west, in Alum Bay, and include beds of 
pipe-clay and some lignite. At the eastern end of the island the 
pipe-elay has disappeared, and the thickness is reduced to about 
100 ft. or possibly the upper portion has become inseparable from 
the Bracklesham Beds (6). 

London Clay. 

This formation consists chiefly of blue clay with septarian 
nodules, but becomes sandy in its upper part, so as to graduate 
into the Bagshot Beds. In northern Hampshire it has been proved 
to be about 241 ft. thick near Rotherwiok (9), 335j ft. at 
Dogmersfield (Pilcot) (10) and to exceed 332 ft. at Aldershot (9), 
but it dwindles rapidly westwards and is probably not more than 
60 or 70 ft. thick on the north-western margin of the county (11)- 

In southern Hampshire, on the mainland, the following 
laeasurements (9) are arranged from east to west: — Portsmouth, 
300 to 332 ft. ; Gosport, 327 to 336 ft. ; Southampton, 301 ft. ; 
Christchurch, 325 ft. ,; Fordingbridge, llSi ft. 

In the Isle of Wight the thickness has not been determined in 
borings but is estimated at 320 ft. in Whitecliff Bay, and at 
233 ft. in Alum B&y, at the eastern and western ends of the island 
respectively. 

Reading Beds. 

In northern Hampshire the Reading Beds include a consider- 
able thickness of mottled clay in the upper part, and sands with 
clays in the lower part. At Aldershot the thickness assigned to 
them varies greatly, but may be taken to average 68 ft. Near 
Crondall, Odiham and Monk Sherborne it varied from 60 to 75 ft. 
At B/otherwick, farther within the Tertiary area, it was about 
80 ft., and at Sherfield, 68^ ft. (9). 

In southern Hampshire, on the mainland, these beds have been 
hored through in many places (9). The following localities are 
arranged from east to west: — Havant, 109 ft. or more; Hayling, 
120 ft. ; Gosport and Alverstoke, 130 to 97 ft. ; Wickham, 102 ft. ; 
Swanwick, 113 ft.; Bishopstoke, 99 ft.; Southampton, 85 ft.; 
Fordingbridge, 1^\ ft. ; Christchurch, 98 ft. In some of the 
borings the whole or nearly the whole of the Reading Beds con- 
sisted of clay. 

In the Isle of Wight also the Reading Beds consist almost 
entii'ely of clays, usually mottled. The thicknesses, as estimated, 
diminish from east to west as shown in the following localities : — 
Whitecliff Bay, 163 ft. ; Brading, 140 ft. ; Ashey, 92 ft. ; Downend, 
110 ft. ; Alum Bay, 84 ft. t6). 

Cretaceous . 
Chalk. 
The Chalk of Hampshire has not been completely traversed in 
any one boring, and though it has been tapped by borings in parts 
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of the Hampshire Tertiary Basin, its base has not there been 
reached. The base, however, comes to the surface near the north- 
western, eastern and southern margins of the county. 

The following estimates of thickness have been made : — 



North of the Hampshire 
Tertiary Basin. 



Isle of Wight. 





Basing- 
stoke 
District. 


Alresford 
District. 


Andover 

District. 


Salisbury 
District. 


South- 
amptOD. 


Ea£t End, 


■West End. 


Upper Chalk 
Middle Chalk 
Lower Chalk 


1^. 
380 

200 

170 


Ft. 
550 

200 

180-190 


Ft. 
400-500 

120-150 

220 


Ft. 
790 

80-100 
190 


Ft. 

i 1,200- 
/ 1,250 


Ft. 
(-1,240- 
1,360 
194 

[ 206 


Ft. 

150 
161 



" That is the parts of Hampshire which lie nearest to Salisbury in Wiltshire. 

The irregularity in thickness of the Upper Chalk is partly 
accounted lor by the unconformity at the base of the Tertiary 
deposits, and it has been generally assumed that its thickness over 
much of central Hampshire amounts to 680 or TOO ft. 

In the Middle and Lower Chalk a westward attenuation is to 
be noted. 

Upper Greensand/aiid Gault [Selhornian). 

In the north-eastern part of Hampshire the Selbornian group 
includes a few feet of green sand (which is developed near and 
south of Alton), a group of marls and malmstone more or less 
siliceous, and a lower division of clay with some sand at the base. 
The malmstone-division passes down into the clay, and is by its 
fossils allied to Upper Gault. 

In the north-western part of the county a few feet of greenish 
sand come • in above the- malmstone, and develop both westwards 
into Wiltshire and southwards into the Isle of Wight. 

In the Isle of Wight a division of the Selbornian into an upper 
member consisting of sand with much chert in the upper part 
(Uppeir Greensand) and a lower member consisting chiefly of clay 
(Gault) is more "readily made, though here also the one passes 
down into the other. 

The following table gives the relative thicknesses of the litho- 
logical divisions referred to : — 



N. E. Hampshire 
(10). 



Greensand ; ;.. 

Marls, malmstone 

passage-beds 

Clay 

Sand 



and 



to a few feet. 

100 

170 

15 



N. W. Hampshire 
(9). 



More than 130 
Unknown. 



Isle of Wight 
(6). 



121 to 80 
94i to 73 

146 to 120. 
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A well at Bentley is reported to have traversed more than 
373 ft, of Ga,iilt under 60 Jt. of what was believed to be for the 
most part Upper Greensand (9). These exceptional thicknesses 
may be due to local disturbance and require confirmation. At 
Alton the " Malm Eock " was proved in a well to be 80 ft. thick 
and the Gault 192 ft., the latter possibly including some Lower 
Greensand. These measurements agree approximately with the 
estimates given in the Table on p. 07. On the other hand at 
Steep a well starting in Gault: reached its base at 241| ft. depth, 
showing- the total thickness here to be probably over 250 ft., with- 
out including any Upper Greeiisand, which may here be 80 ft. in 
thickness. 

^ Lower GrTeenxand. 

This formation crops out on the eastern margin of Hampshire 
and in the Isle of Wight, but ;has not been proved in other parts 
of the county. ' . . - 

In eastern Hampshire its thickness has been estimated at 425 ft., 
made up as follows (2, Plate TV-) ■ — 

Near Petersfield. 

Feet. • 

, Folkestone Beds, almost wholly sands ., 100 

' Sahdgate Beds, sands and clays ... ... ... 75 

Hythe Beiis, calcareous stone, chert, and sand with some clay 200 
Atherfield Clay ... • 50 

At Petersfield several wells have been sunk in the Lower GreeUr 
sand, but none afford complete measurements. The deepest, 
starting and ending in this formation, was sunk to 279 ft. depth. 

In the Isle of Wight the following measurements have been 
made: — 

j Isle of Wight. 



West End. 
Ft. 

Ceurstone, biown sand with pebbles 72| 6 

Sandrock Series, white and yellow sand with some 

clay-beds 

Ferruginous Sands, white and dark sand with a 

little clay , 

Atherfield Clay 



At Atherfield, on the south side of the island^ the thickness 
is estimated at over 800 ft. It appears, therefore, that the Lower 
Greensand is thinning in a direction a little west of north towards 
central Hampshire. 

Wealden. 

On the mainland in Hampshire nothing is known of these beds. 
In the Isle of Wight there ape exposed to view nearly 1,000 ft. 
of Wealden Beds, consistiing jin the upper part of shales, but in 
the main of red and variegaljed clays with irregular sandstones. 
The' total thickness of the foilmation can only be guessed at, but 




is likely to exceed 2,000 ft. 



PRINCIPAL BORINGS. 



{Tltick)i.esses in feet.) 



NORTHERN HAMPSHIRE. 



CENTRAL 
HAMPSHIRE. 



SOUTHERN HAMPSHIRE. 



ISLE OF WIGHT. 



S2 




^-s 


=<s 






*ro 


j=^ 






ss 








t3 a 


Kb 


Q 


' -^w 




a-jW 



SuptTlicial 

Hamstead Beds 

Bembridge Beda ... 

Bembridge Limestone 

Osborne Beds 

Headon Beds 

Headon Limestone 

Upper Bagsbot or Barton Sand 

Barton Clay 

Bracklesliam Beds 

Lower Bagshot Sand 

London Clay 

Woolwich and Reading Beds 

Upper Chalk 

Middle Chalk 

Lower Chalk 

Upper Greensand 

Gault 

Folkestone Beds ... 
Sandgate Beds 
Hythe Beds 



— 


— 




— 


12 


J 


— 


5 




11 


95 


13 






15 


24 


■H 




8 


— 


12 


7 


17 


57 

1 


— 


10 

29 

116 


12 
|l57 


15 
118J 


51 


70i 


— 






— 




128 i 


— 







i 


— 


~ 


121 J 
105 


105 


72 


— 




— 


— 


— 


i 


— 


1 
1 


74 
99 i 


9 

103i 

to 
1694 


6 
119 

204 

to 
14 


16 
to 
25 f 


1 

(to 
(250 







— 


— 


— 


— 





40 
3355 


247 J 


53 

115' 

to 
332 


327 


31 1 

62 
to 
31 


— 


— 


— 


6 
118J 


48i 
to 
348 


to 
313 


125 
to 
43 


227 
to 
12' 


349 

to 
55 


■J ^^ 

32J 
301 


more 
than 
260 
to 11 


163J 

25 J 
to 
166 


64 


291 

25 

327 


il99 
300 


118 


221 


— 


— 


— 


- 


— 


to 
471i 


15 




— 


— 


- 


241 






— 


80 

to 

594 


to 
4U 


68 J 
to' 
216 


— 


84 

to 

257 


— 






: 


734 
to 

7 







- 


— 


— 


85 

) to 
V853 


— 


- 


97 

to 

.59i 


130 

to 

9 


126 
to 

70 


122* 

to 

109 


120 

to 

302 


— 


— 


— 


— 


- 


- 


_ 












i268 






_ 




















„ 


„ 


_ 


_ 


_- 





. 





— 


~ 




_ 


— 


— 


— 


— 


80 


— 







— 


— 


— 


— 


— 


— 


— 


— 


~ 


— 


— 


— 


— 


— 


— 


- 


- 


— 




— 




— 


— 


— 


— 


in2'' 


23(;j'' 

to" 
8i 




— 


— 


~ 


— 


— 


— 


- 


- 


— 


— 


— 


'- 


— 


— 


— 


— 


— 


— 


— 


— 






— 


— 


— 


— 


— 


69 
to 
27_ 




: 


— 


— 




. — 


— 


— 


— 


— 


— 


■ - 


— 


" 


— 


— 




— 


— 


_ 




— 


— 


— 


— 


— 


— 






_- 


^ 


~ 






~ 
















1 















' The uppermost 35 feet may be Bracklesham Beds 
^ Possibly including some Lower Greensand. 
' Total thickness estimated at over 250 feet. 



' Identification as Bracklesham Beds doubtful. 
' Base of Reading Beds not fixed precisely. 
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Table of Strata exposed and proved in borings. 



( Blown sand, shingle, alluvium, valley 

Superficial ( gravel, briokearth, clay with flints ... 

I; Plateau gravel 



Thickness in 
feet. 



Pliocene 



Hocene 



Lenhani Beds 

Lower Bagshot Sand 

London Clay 

Oldhaven and Blackheath Beds 
Woolwich and Reading Beds 
. Thanet Sand 



/Chalk 

Selbor 

nian. 



Cretaceous 



f Upper Greensand 



Gault 
J f Folkestone Beds 

G°rZ. ^lltl^-^ •• 
sand Hythe Beds 
Sana. ^ ^therfield Clay .. 

Weald Clay 



Jurassic and 
Triassic. 



( Upper Tunbridge Wells Sand. 

Hast- \ Grinstead Clay 

ings . { Lower Tunbridge Wells Sand . 
Beds. I Wadhurst Clay 

VAshdown Sand 



Proved in borings only : 

Purbeck Beds 

Portland Beds 

Kimmeridge Clay 

CoraUian Beds 

Oxford Clay 

Great Oolite Series 

Lias 

Trias 



proved to 300 

20-60 
up to 61 
50-129 

West Kent. East Kent. 
. 650 about 900 

■ I 244-63 

IVom 30-40 in the 

north to about 210 

in the south. 
20-43 
More than 720 in West 

Kent to 15 in East 

Kent. 



150-180 

160-235 

300 or more 

681 proved at Bast 

Grinstead. 



to 562 
14-131 
up to 622 
up to 342 
up to 243 
up to 189 
up to 173 
0-81 



FalsBozoic Bocks — 

The Jurassic and Triassic formations gain rapidly in develop- 
ment towards the south-west. 
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SUPEIII'ICIAL. 

There are broad spreads of alluvium on the borders of the 
Thames and Medway, also between thfe Isle of Sheppey and the 
mainland; between Canterbury and Thanet, and at Eomney 
Marsh. 

Beneath the alluvium of the Thames a deep channel filled with 
gravel has been proved at the following localities. At Deptford, 
on the west, the total thickness of alluvium and gravel is 36 ft., 
increasing eastwards to about 40 to 50 ft. at Greenwich, Woolwich 
and Plumstead ; 50 to 60 ft. at Erith and Dartford, to 77 ft. at 
Cliffe and 87 ft. at Sheerness. A similar deep channel occurs 
beneath the Medway alluvium. The deposits which fill it measure 
in thickness 27|^ ft. at Suodland,_ 42 to 50 ft. in the neighbourhood 
of Cuxton, Chatham and Rochester, increasing to over 90 ft. near 
Upchurch. 

The deposits beneath Romney Marsh are of about the same 
thickness, a well at Lydd proving some 60 ft. of alluvium. The 
marsh between Canterbury and Thanet is underlain by 40 ft. of 
sand and clay at Sandwich (7) and about 60 ft. at Ebbsfleet (10). 

'. Thick beds of gravel and sand rest on terraces about 80 ft. above 
the Thames between Dartford and Gravesend and attain a thick- 
ness of over 40 ft. There are also patches of gravel on some of 
the hills, as at Shooter's Hill. 

The Clay-with-flints overlies wide areas on the Chalk Downs. 
It consists of red or light-brown stiff clay enclosing unrolled flints 
and varies in thickness from a few inches to 20 ft., but is incon- 
stant. Occasionalh' a loam or brickearth laterally replaces the 
clay-with-flints . 

Plioceke. 

A small oiitlier of fossiliferous Lower Pliocene sands occurs on 
the edge of the North Downs, at Lenliam, and ironstones, probably 
of tbe same age, here and there rest on the highest part of the 
Down as far as Folkestone (12) . 

These sands usually fill cylindrical hollows in the Chalk, some- 
times to a depth of 8 ft. 

Eocene. 
Bagshot Sand. 

Only the lower part of the Bagshot Sand remains in Kent. In 
the Isle of Sheppey some 20 ft. of sand with thin laminae of clay 
overlie the London Clay (1). At Shooter's Hill about 30 ft. of 
even-bedded sands and loam with ironstone concretions are found 
above the London Clay. These resemble similar beds at Claygate 
in Surre3' which immediately underlie the Bagshot Beds. 

London Clay. 

The full thickness of London Clay has been j)roved only in the 
Isle of Sheppey, where a well at Minster traversed 300 ft. of it; 
this is not qiiite the original thickness, but cannot be far short of 
it as the Bagshot Beds lie only a short distance away. At Sheer- 
ness three wells pierced from 263 to 291 ft. of the clay. The area 
of North Kent between Sheppey and London is mostly covered 
with the Lower London Tertiaries, but outliers of London Clay 
occur here and there, as at Swanscombe and in the neighbourhood 
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of Woolwich and Bromley; these, however, are not more than 
20 ft. thick. East of Sheppey denudation has greatly reduced the 
thickness; at Whitstable 65 ft., and in Canterbury 40 to 63 ft.., of 
London Clay remain (7) . 

Oldhayen and Blackheath Beds. 
These consist in West Kent mainly of beds of flint-pebbles in 
quartz-sand, while in East Kent sand . preponderates. Their 
average thickness is some, 20 ft., but they reach 60 ft. locally, as 
at Bexley Heath and in the neighbourhood of Blackheath. 

Woolwich and Reading Beds. 

These beds vary in character, but are fairly uniform in thickness. 
The lower beds are glauconitic sands with seams and layers of 
pebbles, underlying mottled brick-red, green and ochreous plastic 
clay, these being succeeded by greyish clay and sand. The 
Woolwich Beds suffered some erosion before the deposition of the 
Oldhaven Beds, especially in Eastern Kent. 

The following list of wells which are arranged from west to 
east indicate the thickness assigned to these beds in Kent (7) : — 
Deptford, 54 ft. ; Greenwich, 49 ft. ; Hither Green, 61 ft. ; Frinde- 
bury, 60 ft.; Sheerness, up to 53 ft. 

Thanet Sand. 
This sand increases in thickness from west to east as shown by 
subjoined measurements from well-sections (7) : — Beckenham and 
Deptford, 52 ft. ; Eltham, 49 ft. ; Erith, 51 ft. ; Frindsbury, near 
Rochester, 122 ft. ; Sheerness, 93 to 117 ft. ; Monkton Thanet, 
129 ft. 

Cretaceoxts. 

Chalk. 

In Kent the total ithickness of the Chalk is shown in the Table 
of borings following p. 74, as 696 ft. at Erith, 656 ft. at Cliffe, 
682 ft. at Chatham, 734 ft. at Chartham near Canterbury, and is 
known to exceed • 834 and 820 ft. respectively at' Womenswold 
(Ropersole) and Coldred, at both of which places the borings 
commenced in Chalk. 

The thicknesses, in feet, of the several zones into which the 
Chalk has been separated have been estimated as follows : — 

Inland (3). ' The Coast, i 



Upper Chalk 



Middle Chalk 



Lower Chalk 



Zone oi Marswpites 

„ Micraster coranguinum 

„ „ cortestudinarium. 

Chalk Eock 

Zone of Holaster planus 

„ Terebratidina gracilis 

„ ' Rhynchondla cuvieri and 
, Melboum Rock, ... 

„ Belemnitella plena ... 

„ Holaster svhglohosus with 
Totternhoe Stone 

„ Ammonites iurians 



Approximate 

thickness. 
.. less than 
100 

I 300 f 

50 5 
50-100 



50-60 
4 

80 
60-120 



116 
as exposed. 
280 
56 

34i 

161 

70, 
193 



910 



Proc. Geol. Assoc, vol. xvi, 1900, p. 320 and (5). 
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The coast-sections give a total tliickness of 910 ft., 90 ft. more 
than the thickness pierced in the Coldred (Waldershare) boring, 
which did not commence in the highest zone of the Chalk of East 
Kent. 

Inland there is no certain knowledge of the thickness of the 
Upper Chalk; but at Cliffe it was proved to exceed 423 ft. 

On the coast the Middle Chalk measures 230 ft., the zone of 
Rhynchonella cuvieri being 70 ft. and the zone of Terebratuliiia 
160 ft. thick (5). Inland the united thicknesses of these zones are 
estimated to be no more than from 100 to 160 ft. (3). The base of 
tlie Middle Chalk is well defined in Kent by the hard and nodular 
Melbourn Rock (5). « 

The Lower Chalk maintains a uniform thickness from west to 
east. At Chatham Dockyard it was supposed to be 191 ft. (5), 
while on the coast it is 193 ft. thick. 

From the records cited above it is seen that the Chalk increases 
in thickness from west to east, an increase which is attributable 
to less having been removed by pre-Tertiary erosion in an easterly 
direction. 

Uffer Greensand and Gault (Selhornian). 

The Selhornian of Kent consists mainly of stiff clay, but thin 
beds of sand overlie the clay'in some localities in the wfest of the 
county. This sand is usually referred to as Ihe' Upper Greensand. 
It is nowhere more than 12 ft.*in thickness and its identification 
from cores is difficult. ■ ! 

The Gault or clay-member of the Selhornian (4 and 7) is generally 
thicker on the west than nearer the coast. It has beeh prdved 
in many borings, mostly near the Thames and in East Kent, but 
not so frequently in the intervening area. There are, hdwevei*, 
two borings in the valley of the Medway; which indicate aibbut 
230 ft. of Gault, one at Lower Hailing, where there was 225 ft;, 
and the other at Wouldham with 234J ft. At Sundridge, near 
Sevenoaks, there was over 244 ft. of Gault, the majcimum thickness 
proved in Kent. Both north and east it decreases.. Some four 
miles north of Wouldham the thickness ranges from 190 ft. to 
208 ft. as seen in the borings at Stroud, Chatham, Frindsbury and 
Cliffe ; a northerly decrease of 20 to 30 ft. Towards the c^ast there 
is a decided but variable diminution. The following borings, 
including those made in search of coal in East Kent, show a general 
thinning of the Gault towards the east. At Charing and Wye 
(for water), about 190 ft.; Elham, 127 ft;; Alkhani, 164- ft.; 
Hougham, 137 ft. ; Dover Prison Well,, 143 ft. Further north 
the Gault was 119 ft. at Womenswold, 156 ft. at Coldred, and 
148 ft. at Nonington. Beneath the Isle of Thanet, however, there 
is a remarkable diminution, the well at Margate Waterworks 
proving only 631 ft. and Bbbsfleet boring 110 ft. (10). 

Lower Greensand. 

Approximate 
thickness in feet. 
(- Folkestone Beds. Coarse sands ... 110 

Sandgate Beds. Mostly clay and silt 10-80 

Lower J Hythe Beds. Soft sandstone, some- 
Greensand. 1 times calcareous ; some beds of 

chert 60-180 

L Atherfield Clay. Stiff clay 20-43 
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In borings these divisions can seldom be recognised. 

The Lower Greensand increases in thickness from north-east to 
south-west, as shown by the borino's quoted in the accompanying 
table. At Alkham or Swing-field the Ellinge boring passed 
through 58| ft. of Lower Greensand, of which 19 ft. 8 in. were 
attributed to the Atherfield Clay (7). 

Two wells in Folkestone peiietrated about 230 ft., including 
Atherfield Clay. 

Another series of wells farther west proves the persistence of 
the south-westward thickening of the Lower Greensand. A well 
at Chatham pierced 41 ft., one at Boxley, near Maidstone, 215 ft., 
M'liile at Kemsing 209 ft. were found. The variation in thickness 
is confined to the upper beds, and of these, chiefly to the Hythe 
Beds. From Hythe to Maidstone the thickness of the Hythe 
Beds is only 70 or 80 ft., but it increases rapidly westwards and 
reaches 160 ft. at Sevenoaks. This thickening is due to an 
incoming of an upper set of sands with layers of chert (7). The 
Atherfield Clay, on the other hand, maintains an average thick- 
ness of 20 ft., but was 43 ft. in the Dover boring (9). 

Wealden. 

The Weald Clay increases in thickness in a south-westerly 
direction from 15 ft. at Ebbsfleet boring (10) to more than 721 ft. 
at Foley House near Maidstone (7). No "Weald Clay was found 
at the Erith and Chatham borings. Following a line parallel 
with and south of this line we find that the clay rapidly attenuates 
eastwards. At Wrotham it is 669 ft. thick; at Hothfield, near 
Ashfbrd, 400 ft. ; at Brabourne, 109 ft., and at Dover, only 50 ft. 
(7 and 9). 

The Hastings Beds show a similar attenuation towards the 
east, and a thickening in a south-westerly direction. The follow- 
ing three lines of boreholes indicate this: — 

(1) At Erith, CJhatham and Ebbsfleet they were absent. 

(2) At Wrotham, 189 ft. ; Foley House, 145 ft. (incomplete) ; at Pluckley, 

310 ft. ; Ashford, more than 278 ft. ; Brabourne, 200 ft. ; Dover, 
35 ft. 

(3) Penshurst, more than 552 ft. ; near Tunbridge Wells, more than 393 ft. ; 

Hawkhurst, more than 304 ft. ; Lydd, more than 345 ft. (7 and 9). 

Jurassic and Trias sic. 

Our knowledge of these formations is based, as far as regards 
Kent, solely on deep borings. The most reliable measurements are 
quoted in the following Table. The Jurassic rocks gain in thick- 
ness rapidly towards the south-west. Trias has been met with in 
one boring only. Presumably it would be found to attain a 
greater thickness in a southerly direction. 
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SuptTlicial 

Hain.stead Beds 

Beiiibridge Beda ... 

Bembridge Limestone 

Osborne Beds 

Headon Beds 

Headon Limestone 

Upper Batjshot or Barton Sand 

Barton Clay 

Brackleshani Beds 

Lower Bagshot Sand 

London Clay 

Woolwich and Reading Beds 

Upper Chalk 

Middle Chalk 

Lower Chalk 

Upper Greensand 

Gault 

Folkestone Beds ... 
Sandgate Beds 
Hythe Beds 



63 



15 


40 


— 


115' 

to 




62 

to 


241 


335 J 
to 


247 J 


332 


327 


31 


HO 


4U 


68 J 


— 


84 


— 


to 




to 




to 




59.1 


— 


216 


— 


257 


— 



14 



i)i 13 



15 



24 



■li 



1281 



121 J 



31! 



6 

118J 

734 
to 

7 



48 J 
to 
348 



— 105 

— I 125 

to 

— 43 
to 

313 — 



105 

227 
to 
12' 



72 

34!) 

to 
55 



17 



57 



41 

32J 
301 
85 

) <■" 
' V853 



more 
than 
260 
to 11 



163J 
25 J 




291 
25 


(99 
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" 






166 


64 


327 


300 


118 


221 
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97 

to 

.59J 


130 

to 

9 


126 
to 
70 


122* 

to 

109 


120 

to 

302 



i.268 




80 
192'-' 



2364'' 

to" 

8i 



69 
to 
27 



' The uppermost 35 feet may be Bracklesham Beds 
^ Possibly including some Lower Greensand. 
' Total thickness estimated at over 250 feet. 



' Identification as Bracklesham Beds doubtful. 
' Base of Reading Beds not fixed precisely. 
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Superficial 



Triassio 



Table of Strata. 



( Blown Sand, Peat and Alluvium 
t Glacial Drift 



3 



fa C Keuper Marl 



Lower Keuper Sandstone 
Upper Mottled Sandstone 

Pebble Beds 

Lower Mottled Sandstone 



Permian 
Carboniferous, &c. 



f Marls with limestones and gypsum 
'" \ Soft sandstones. . . 



Thickness in 

feet. 

up to 78 

up to 240 

1,000 
400 
550 

1,200 
400 

0-300 
0-1,300 
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SUPEHFICI.'I.I.. 

Blown Sand, Peat and Alluvium. 

That part of the area of Lancashire where Triassio rocks out- 
crop, that is, in the south and west and in Furness, is mostly 
covered with glacial and post-glacial deposits. Blown sand occurs 
along the coast from Liverpool to Southport, from Lytham to 
Blackpool and Fleetwood, and on Walney Island. The dunes 
rise to a height of 20 to 30 ft. near Fleetwood (5, p. 12) ; between 
Lytham and South Shore they seldom exceed 30 ft. (3, p. 13), but 
between Ainsdale and Birkdaie they reach 40 ft. Southport is built 
on blown sand, and in a boring in search of water at the Palace 
Hotel, Birkdaie Park, 78 ft. of sand, blown and sedimentary, and 
1 ft. 6 ins. of peat and ' Cyclas ' clay.were found resting on Keuper 
Marls (3, pp. 4 and 14). Behind the sand-dunes a considerable 
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area is covered with freshwater clays j peat; and alluvium. The 
peat varies in thickness from 1 to 30 ft. and more, and runs down 
to 50 and 60 ft. below sea-level (6, p. 1). The alluvium, clays 
and blown sand (Shirdley Hill Sand) all vary indefinitely m 
thickness. (See 7 for local data.) ;., ,, 



Fig. 16. Lancashibb. 
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Glacial. 

The Glacial Drift consists of boulder-clay, generally a tough 
red deposit, and of beds of sand intercalated in the clay. It rests 
upoii an undulating rock-surface and varies greatly in thickness. 
Near Blackpool boulder-clay forms cliffs ranging from 50 to 75 ft. 
in height, while the rock-surface sinks to at least 20 ft. below 
seA-level (5). In the area between Preston, Southport and Lytham 
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the drift rests upon a surface of Triassic rocks which dips gently 
towards the sea, sinking from 20 ft. above sea-level at Preston to 
50 ft. below it at Southport (3). In the Liverpool district the 
thickness of drift is very variable ; it reaches 80 ft. at Edgehill. 

Locally great thicknesses of glacial drift have been encountered, 
as shown in the Table following p. 78.- Among other notable 
records mention may be made of a thickness of 137 ft. at Hunts 
Cross, Halewood,^ 146 J ft. at Watling Street Road, Preston,^ 
more than 112| at Bashall's Mill, Farington,^ and 146|- ft. near 
Bamber Bridge. 

It has been shown by borings in Widnes and Warrington* that 
a deep valley, filled up with drift, exists north of the present 
course of the Mersey. This gorge descends to more than 140 ft. below 
sea-level, there being 163| ft. of drift at Lambert's Copper Works, 
Widnes, 198 ft. at Gaskell, Deacon and Co.'s works 200 yards 
from the station, and at N. Mathieson and Co.'s, 136 ft. 10 ins. 
(9, pp. 23-24). At Sankey Bridge, near Warrington, water was 
■obtained from a bed of gravel below 100 ft. of drift. ^ The greatest 
depth was found at Wildgreave Farm, opposite Thelwall, War- 
rington, where the rock was not reached after boring through 
231 ft. of superficial deposits. ° 

A good example of the unevenness of the pre-glacial surface of 
the rock was proved in borings at Park House, Iron Mines, in 
Furness. Within an area 400 yds. by 200 yds., twelve borings 
were made. The ' panel,' or boulder-clay, showed the following 
ihicknesses in ft., in the twelve borings: — 36, 39, 51, 306, 162, 
225, 195, 114, 249, 369, 88, 537. A fault was proved in the rockp 
beneath to throw in softer rocks on its western side. It was oe 
this side that the drift attained the greater thicknesses (4, pp. 4, 5, 
with map) . 

Triassic. 

The thickness of the Triassic Rocks in Lancashire is for the 
most part a matter of conjecture. The thicknesses given on p. 75 
are estimates made by the late G. H. Morton for the neighbour- 
hood of Liverpool, with the exception of the figure given for the 
Pebble Beds, which is founded on the borehole at Bootle, quoted 
in the table of borings. The greatest thickness of marl in one 
bore is recorded from Altcar as 971 ft., where, however, the top 
was absent (10). At- the Palace Hotel, Southport, a boring made 
in an unsuccessful attempt to get water proved 479^ ft. of marl 
under 795- ft. of superficial deposits (3, pp. 4 and 14), and at 
Fleetwood 428^ ft. of marl were traversed without reaching the 
T)ase. 

The Keuper Sandstone and Upper Mottled Sandstone are only 
partly visible and no precise inform.ation regarding their thick- 
ness in the country between Crosby, Ormskirk and Preston is 
available. The Pebble Beds were penetrated for a distance of 

1 Bep. Brit. Assoc, for 1889, pp. 76, 77. 
" Bev. Brit. Assoc, for 1881, p. 315. 
^ Sep. Brit. Assoc, for 1887, p. 380. 

' T. Mellard Keade. The Buried Valley of the Mersey. Proc. Liverpool 
'Ge.ol. Sac, vol. ii, sess. xiv (1873), pp. 42-65. 
» Rep. Brit. Assoc, for 1876, p. 105. 
« 76., 1891, p. 306. 
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1,026 ft. in tlie Bootle Bore before the supposed Lower Mottled 
Sandstone was reached.' The boring started about 180 ft. below 
the top, and thus showed that the total thickness of Pebble Beds 
at Bootle is not less than 1,206 ft.-, as compared with 934 ft. at 
Heswall in Wirral (p. 31). At Pendleton their thickness was 
estimated by Binney at 900 ft., but in the Bolton district 500 to 
600 ft. is given as the average figures (1, pp. 22, 23). Near 
Prescot they are supposed to be 600 to 800 ft. thick (9, p. 12), 
but may probably be more. The Lower Mottled Sandstone does 
not exceed 250 ft. at Parr and is less at Eccleston Hall where it 
rests directly on the Coal Measures (9, p. 12). It was estimated 
by Morton to be 400 ft. thick near Liverpool, but it must be 
remembered that it was proved in the Heswall boring, 10 miles to 
the S.S.W. of Liverpool, to be no less than 1,272 ft. thick. 

Peeiiian. 

This formation consists of an upper marly series with thin 
layers of limsstone and gypsum, with a maximum thickness of 
300 ft., and a lower member of soft sandstone with a maximum 
thickness of 1,300 ft. The greatest thickness is attained in the 
neighbourhood of Manchester and Stockport (Cheshire). At 
Openshaw the Permian strata have a total thickness of 1,322 ft. 
(12), and at Hea'ton Park of 1,094^ ft.,^ but at the intermediate 
localities of Chorlton-on-Medlock and Ardwick they are only 300 
and 353 ft. thick, and at Patricroft only 92 ft. (12). The develop- 
ment westwards from Manchester is shown by the sections at 
Seedley Print Works,'' Astley and Edge Green, quoted in the 
following tabie. At Asliton-in-Makerfield the thickness is 187 ft., 
but westward of St. Helens the Permian is not recognised as such, 
and the Lower Mottled Sandstone comes to rest upon the Carboni- 
ferous strata, occupying a position corresponding in this respect 
to the Permian sandstone of the more eastern tract. 

In Purness a red sandstone has been proved to be more than 
330 ft. thick (4, p. 5). It lies above a fossiliferous m^agnesian 
limestone of Permian age, which is about 63 ft. thick (4, p. 9) and 
rests upon Carboniferous rocks. The red sandstone was formerty 
referred to the Upper Permian, but is correlated with the St. Bees 
Sandstone, now regarded as Bunter. There is a small inlier of 
Permian rocks in Skillaw Clough, near Parbold. The Magnesian 
Limestone and P'ermian sandstone together do not exceed 300 ft. 
in thickness.'' 

Small expoEures also occur near Preston and near Clitheroe. 
At the former they have been estimated to be not more than 
250 ft. thick. ^ 



' Rep. Brit. Assoc, for 1878, pp. 395-7; for 1880, pp. 87, 88; for 1889, p. 76. 
= J. Dickinson. 2'rans. Manchester Geol. Soc, vol. xxviii, 1903, p. 69. 
^ Rep. Brit. Assoc, for 1887, p. 377. 

'' ' Geology of the Country around Wigan,' Mem. Geol. Surv., 1860, p. 24. 
' 'Geology of the Burnley Coalfield,' Me77i. Geol. Surv., 1875, pp. 120-121. 
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Superficial 



Oolitic 



Table of Strata. 



C Alluvium 

\ Glacial Deposits 

( Corn brash 

Great Oolite Clay 
J Great Oolite Limestone 
I Upper Estnarine Series 

Lmoolnshire Limestone 
, Northampton Sands .. 



Liassic 



r Upper Lias 

.1 Middle Lias 

I. Lower Lias 

(Bhaetic 
Keuper I ^PP^'^ ^euper Maris &c. 
■^ (_ Lower Keuper Sandstones 
Bunter 

Permian (so-called) 

Carboniferous and older rocks 



Thickness in 
Feet. 
up to 30 
. up to 150 

5-15 
20-30 
30-35 
15-30 
30-120 

a-30 

80-200 

60-120 

650-750 

16-38 

. up to 525 
, up to 330 

0-1,000 

0-50 
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Sttpeeficial. 
Recent. 

The Alluvium and valley-gravels along the principal streams, 
the Soar and the Wreak, range in thickness from 4 or 5 ft. to 
30 ft. or more (8). 

Glacial. 

The Glacial Deposits are thicker and more important east of 
Leicester and the Soar valley than in the western half of the 
county. They fill and level up minor irregularities of the pre- 
glacial surface and reach a thickness of at least 350 ft. in the 
old hollows (6). Around Melton Mowbray also they are 200 ft. 
thick in places (1) . A boring at Garthorpe, near Waltham-on-the- 
Wolds, traversed at least 50 ft., but along i)xo Rutlandshire 
border the thickness seldom exceeds 10 ft. 
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Near Lougliborouffh and in Leicester glacial diiilt ranges from 
8 to 30 ft. (2). 

At Retherby the boulder-clay and associated sands were found 
to be at least 26 ft. thick, whilst further east at Hallaton a well 
is said to have been sunk to a depth of 150 ft., the ' spoil-heap ' 
consisting of boulder-clay only (2). 

■ At Eleckney a well showed 30 ft. of boulder-clay resting on 
15 ft. of sand and gravel. 
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There also appears to be a thick sheet of boulder-clay in the 

• .^o^lth-west of the county from the neighbourhood of Market 

Bosworth southwards. Thus, a well at HugglesCdte showed over 

30 ft. of boulder-clay resting on gravel ; a bol-ing to the immediate 

north-east of Market Bosworth showed 40 ft. of boulder-clay | 

another at Bosworth "Wharf 27 ft. ; and another at Kingshill over 

100 ft (6)' At Osbaston, near Market Bosworth, a brickeiartli 

Iree frbtri stones extended to a depth of 40 ft. below the present 

.valley (6). 
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All around Hinckley the boulder-clay appears to be thicki the 
pre-glacial valleys being fully 60 ft. deep below the general level 
of the country. Two borings at Hinckley showed the glacial beds, 
to be 90 and 150 ft. respectively, while at Sharnford, five miks to 
the south-east of Hinckley, they were at least 80 ft. thick (2). 

In the Lutterworth district about 50 ft. is the recorded thick- 
ness at TJlleethor jie , three miles north-west of the town. ■' 

Oolitic. 

CornhrOish. 

Cornbrash forms three small outliers in Rutlandshire, viz., 
north of Clipsham, south of Ryhall, and Luffenham Heath. It 
never exceeds 15 ft. in thickness and is often njuch less (1). 

Great Oolite Clay. 
This subdivision is represented in small outliers on the eastern 
borders of Rutlandshire and also at Luffenham Heath in the same 
county close to the River Welland. It attains a maximum of 
20 to 30 ft. (1). 

Great Oolite Limestone. 

This rock forms numerous outlieps in East Rutland.: In the 
railway-cutting at Essendine it is 30 to 35 ft. thick, and this 
appears to be the average development in the district (1). i 

Upper Estuarine Series. 

The lowest subdivision of the Great Oolite, like the others, 
is represented in East Rutlandshire only. It almost invariably has 
a conspicuous band of ironstone nodules at the base and its total 
thickness probably never exceeds 30 ftj and often is much less (1). 

At Ketton and near Stamford and Grantham (Lincolnshire) it 
varies from 20 to 30 ft. 

Lincolnshire Oolite. 

This rock appears in North Iforthamptotoshire as a wedge 
between the Lower and Upper Estuarine Series and rapidly thickens 
in a northerly direction, forming a conspicuous escarpment in 
Rutland and Lincolnshire. In Leicestershire it is only repre- 
sented in detached outliers along the eastern borders of the 
county and to the north of Melton Mowbray. Across the Rutland 
border at Wakerley on the Welland it is 30 ft. thick, rapidly 
expanding eastwards to 74 ft. at Stamford (1}. East of .Emping- 
ham a thickness of 60 ft. 9 ins. is recorded in Lincolnshire. In 
the neighbourhood of Waltham-on-the-Wolds : it is mot fully 
developed and may be 20 to 30 ft. (9), but its full thickness cannot 
be less than 100 to"l20 ft., and as much as 132 ft. has been'recoided 
from a well-boring at Boothby Pagnell in Lincolnshire. 

Northampton Sands. i 

These beds are subdivided into a lower part consisting of 
ferruo-inous sandstone and ironstone, and an upper series of 
sands and clays frequently termed the Lower Estuarine Series. 
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At Nevill Holt, near Market Harborough, the Tiorthaxapton Sands 
are about 20 ft. tbick (1), and are no less at Uppingham and 
Bisbrooke : also at Seaton and Morcot. On tbe soutb of the River 
Welland, at Wakerley, the lower bed of ironstone is 9 ft. thick 
and the oyerlying sands and clay 7 ft. From here the North- 
ampton Sands thin rapidly eastwards to only 2 or 3 ft. and finally 
disappear near Tixover where the Lincolnshire Limestone rests 
on the Lias clays. At Lufienham the total thickness is not 
more than 10 ft. Westwards at Pilton and Wing there are about 
15 to 20 ft. of these sands and at Manton only 4 ft. Around 
Edithweston, Whitwell and Exton they range from 10 to 20 ft. 
At Stamford the ironstone is 16 ft. thick and the overlying sands 

8 ft. At Ketton the ironstone is 18 ft. and the overlying sands 

9 ft. Around Cottesmore and Market Overton the total is at 
least 20 ft. 

Further north around Waltham the Northampton Sands are 
20 to 30 ft. thick, but at Croxton Kerrial only 12 ft. (3). 

LlASSIC. 

In Rutland the Upper Lias does not exceed a thickness of 
about 200 ft. Thus it was found to be 193| ft. thick at Stamford 
in Lincolnshire and 176 ft. at Hambleton. In the west of the 
county it is not more than 110 to 120 ft. thick below the outliers 
of Inferior Oolite at Ranksborough and Wha thorough Hill; and 
180 ft. below Robin-a-Tiptoes and at Belton (7). In Leicester- 
shire it ranges between 110 and 180 ft., and near Melton Mow- 
bray and Grantham averages about 120 ft. (3). 

The Middle Lias consists of two subdivisions : — 

Marlstone, calcareous sandstone passing into ironstone. 
Lower clays, and shales with bands of limestone. 

In the south both are thin, and at Market Harborough the 
marlstone is absent. On the south side of Slawston Hill it is 
scarcely traceable, and the Middle Lias as a whole has a thickness 
of 60 to 70 ft. (4). Northwards of Hallaton the marlstone is less 
than a foot in thickness, 2 ft. thick at Godeby and Horninghold, 
22- ft., at Allexton (1), 6 or 8 ft. around Oakham and Barleythorpe 
and 9 ft. at Langham (1). In a boring near Oakham, however, 
the Marlstone rock-bed is 18 ft. thick, and at Hambleton, to the 
east, 15 ft. 

Between Leicester and Oakham at Tilton-on-the-hill and 
Somerby the marlstone is 18|^ ft. thick, while it appears to be still 
thicker about Billesdon and Burrow-on -the-hill (1). In the Melton 
Mowbray district it reaches 30 ft. and maintains this thickness to 
the county boundary (3). 

The underlying Middle Lias clays correspondingly expand in 
a northerly direction and reach a thickness of about 100 ft. in the 
Melton Mowbray district, but further north, in Lincolnshire (3), 
they do not exceed 40 ft. 

The Lower Lias in the south of Leicestershire may be upwards 
of 750 ft. thick. In the neighbourhood of Melton Mowbray it 
appears to be about 650 ft. and in the Vale of Belvoir 670 ft. (9). 
A boring close to Billesdon, commencing in the Lower Lias, 
proved the thickness to exceed 600 ft. (1). 
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Texas SIC. 

Rhaetic. 

The Ehaetic group includes ' White Lias ' Marls with inter- 
bedded bands of limestone, and below these black paper-shales. 

These beds have not been traced south of Wigston though there 
is no doubt they occur some distance to the west of Lutterworth 
under drift gravels. South of Leice&ter, at South Wigston, the 
White Lias is 20^ ft. thick and the shales below 17 ft. At Hum- 
berstone the Ehaetic beds are aboiit 20 ft. thick (7), and near 
Melton Mowbray average about 32 ft., of which 12 to 18 ft. are 
assignable to White Lias (9). Aj)proximately the same thicknesses 
are found across the northern border of Leicestershire. 

Keuper, 

Upper Keuper Sandstone. 

Keuper Marl. 

Lower Keuper Sandstones and Waterstones. 
The Upper Keuper Sandstone is but locally developed. 
The Keuper Marl covers the greater part of Leicestershire west 
of Leicester and overlapping the Lower Keuper Sandstone abuts 
directly on the old rocks. The rock-floor on which it rests is most 
irregular in form. In the extreme south-west of Leicestershire a 
boring at Hinckley showed 12 ft. of Upper Keuper Sandstone and 
396 ft. of Keuper Marl on Lower Keuper sandstones and marls 
which were bored through to a depth of 303 ft. (2). At Sapcote 
Freeholt, 2 miles east of Hinckley, a boring (by some referred 
to as ' Elmesthorpe ') was commenced in Keuper Marl, proved 
the thickness at that spot to be 470 ft. The marl was con- 
glomeratic at its base for a few inches and rested on Coal 
Measures, imderlain by Cambrian Rocks. ^ At Market Bos- 
worth the Keuper beds were found to be 744 ft. thick, with 
10 ft. of breccia at their base. Of these the upper 370 ft. 
appear to be referable to the Keuper Marl. Around Leicester 
the Keuper reaches a thickness of about 700 ft., of which 
about 100 ft. may be classed with the Lower Keuper Sand- 
stone. A deep boring near the town showed 525 ft. of Keuper 
Marls underlain by 106 ft. of Keuper Sandstone resting on black 
slaty rocks (7) . The variable thickness of these beds is shown by 
the record of a boring at Humberstone where the full thickness of 
the Upper Keuper Sandstone is 100 ft., of the Upper Keuper Marl 
250 ft., and of the Lower Keuper Sandstones 232 ft. (2). A still 
further variation is shown by the boring at Hathern, near Lough- 
borough. Here, under Keuper Marl, Lower Keuper Sandstone, 
140 ft. thick, rests on Bunter (2 and 8). Near Melton Mowbray 
only the upijer part of the Keuper Marl is represented, and the 
maximum thickness is at least 630 ft. 

Bunter. 

The Pebble Beds only are represented, and they occur at a few 
isolated places around the western part of the Leicestershire coal- 
field. They probably have a maximum thickness of nbout 1,000 ft., 

' Quart. Journ Geol. Soc, vol. xly, 1889, pp. 29, 30. 
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959 ft. having been proved at Chilcote^ in Derbyshire just across 
the county boundary. To the east, however, they gradually thin 
away and were probably more continuous to the east of a line 
drawn through Castle Donington and Ashby. In a boring at 
Hathern, however, near Loughborough, a thickness of 60 ft. ha» 
been doubtfully assigned to them (8). 

Permian (so-called). 

Small outliers of so-called Permian occur close to the Coal 
Measures on the western borders of Leicestershire and may reach 
50 ft. in thickness at a maximum. Their outcrop is most irregular 
and they appear to occur principally along hollows in the under- 
lying Carboniferous rocks. In the Swadlincote district, north-west 
of Ashby, the average thickness of the marls and breccias pro- 
visionally termed Permian appears to be about 15 ft., and the 
same thickness has been proved in a boring at Overseal, five miles 
to the south-west of Ashby-de-la-Zouch. The thickest beds of 
breccia are stated to be those aroimd Packington. 



' 'Geology of the Leicestershire and South Derbyshire Coalfield,' Mem. Oeol. 
Snrv., 1907, pp. 331-332. In Fig. 16 Chilcote has been inserted by error on the 
Leicestershire side of the county boundary. 
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LINCOLNSHIRE. 

Table of Strata exposed and proved in borings. 



o c • 1 C Alluvium 
Superficial [qi^^^^^ ... 



Cretaceous 



10-225 



Oolitic 



Liassio 



Triassic 



Upper Chalk 

Middle Chalk 

Lower Chalk 

Red Chalk 

Carstone 

Tealby Limestone and > 

Ironstone ( 

Tealby Clay with [ 

Claxby Ironstone ... J 
Spilsby Sandstone 

Kimmeridge Clay 

Corallian Clay 

Oxford aay 

Kellaways Beds... 

Cornbrash 

Great Oolite Clay 
Great Oolite Limestone 
Upper Estuarine Series 
Lincolnshire Limestone 
Lower Estuarine Series 
I, Northampton Beds or Dogger 

Upper Lias 
Middle Lias 
Lower Lias 

CRhaetic 

'"I Keuper Marls and Waterstones 



Proved in borings only : — 

Triassic ... Bunter 

Permian ... Limestones and marls 

Carboniferous Rooks 



Thickness in 
feet, 

upwards of 60 
up to 166 

not known. 
80-100 
75-80 
4-12 
up to 40 

I up to 40 

up to 190 

6-50 

up to 320 

15-20 

300-450 

7-25 

.3-15 

5-35 

12-25 

20-35 

36-132 

up to 15 

2-35 

25-200 

40-100 

290-765 

about 25 
900-1,000 



800 
545 



1. Geology of the Country arovmd Lincoln, Mem. Oeol. Siirv., 1888. 

2. Jurassic Rocks of Britain, ib., vol. iii, 1893. 

3. „ „ ib., vol. iv, 1894. 

4. „ „ ib., vol. V, 1895. 
6. Cretaceous Rooks of Britain, ib., vol. i, 1900, 

6. „ „ *., Vol. ii, 1903. 

7. Water Supply of Lincolnshire, ib., 1904. 

8. A. J. Jukes-Browne. Geology in the Field, Oeol. Assoc, 1910, p. 

9. B. Smith. Oeol. Mag. for 1912, p. 252. 
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Superficial. 
Alluvium. 

Alluvium and valley-gravels cover over 47 per cent, of the area 
of Lincolnshire. 

Much of the alluvial land is below high tide level. It is com- 
posed of peat, clay, marl and silt, generally about 20 ft. thick, 
but in places, such as Long Sutton, Mablethorpe and in the lower 
parts of the Trent Valley, exceeding 60 ft. 
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riG. 17. Lincolnshire. 
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Glacial. 

The glacial deposits consist oi boulder-clays and gravels, and 
cover 20 per cent, of the surface area of the county. They are 
developed chiefly in the depression between the Oolitic and 
Cretaceous escarpments, on the east of the Chalk Wolds and under 
the alluvial deposits of the Fen country. 

A pre-boiilder-clay sea-cliff runs from Bartonion-Humber past 
TJlceby and south-east to TJtterby and from thence about two 
miles east of Louth to Willoughby. To the east of this line the 
drift has a thickness ranging from 50 ft. near the cliff to 100 ft. 
on the coast. 

Under the Fen country bordering the Wash the boulder-clay 
is over 100 ft. thick, a fact which has been proved at Boston, 
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JFossdyke, Crowland and Long Sutton. In tlie valley of the 
Witham also the rock-surface lies below sea-level, so that if the 
drifts were removed the sea would flow into the valley of the Trent 
through the Lincoln Gap (1), as. shown in Fig. 18.' 

There seems also to be a buried channel cutting across the Wolds 
from Habrough (Harbrough on Fig. 17) to Kirmington, at both 
of which places there is a great thickness of drift. 

Fig. 18. Map op Lincolnshibe, showing contours in the rock-surface 

below sea-level. 

(In the shadedjarea the rook-surface is aboVe sea-level.) 




Cretaceous. 
Chalk. 



Of the Upper Chalk the lower part only exists in Lincolnshire. 
The Middle Chalk is from 80 to 100 ft. thick, 70 to 80 ft. being 
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assignable to the Terebratulina Zone and 10 to 13 ft. to that of 
Hhynchonella cv,vieri (6). 

The Lower Chalk is from 75 to 80 ft. thick, compared with 
65 ft. in North Norfolk, the chief increase being in the lower parts 
of the Ammonites varians Zone (6). 

The Eed Chalk has a thickness of 12 ft. at the south end of the 
Lincolnshire Wolds, but at the north end it has thinned to 4 or 
5 ft. (1 and 5). 

The Lower Cretaceous Series includes : — 

Carstone or Ferruginous Sand. 

m„„,. _ f,.^^ ( Tealby Limestone with an Upper Ironstone ' roach'. 

leaiDy ceas . . . | tealby Clay with the Claxby Ironstone. 

Spilsby Sandstone, a hard grey calcareous rock, usually weathered to a 
loose brown and white sand. 

' All these bands, with the exception of the Tealby Limestone, 
attain their greatest development at the south end of the Wolds 
and thin steadily northwards. The limestone, however, is doubt- 
fully represented in the south by 40 ft. of 'roach,' and only 
Ijecomes a distinct rock-bed from n^ar Donnington northwal^ds. 

The Carstone is 40 ft. thick in the south but disappears before 
Teaching the Humber (1). 

The Tealby Beds are 219| ft. thick at Skegness, and of this 
191 ft. may be assigned to the Tealby Clay (7). At the outcrop 
further west the clay is 100 ft. thick, and thence northwards 
"towards Tealby it attenuates to 26 to 30 ft. (1). The Tealby Lime- 
-stone ranges from 10 to 15 ft. in thickness near Tealby and Claxby, 
but is less further north. The Spilsby Sandstone thins northwards 
along the outcrop and also south-eastwards ; at Skegness it appears 
to have been only 26 ft. thick (7) : — 





South end 
of Wolds. 




• 1 
O 


Claxby. 


II 


i 


Audleby. 


II,. 


Elsham. 




Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Red Chalk 


11 


6 


6 


5 


y 


4 


4 


* 


3-4 


■Carstone 


40 


25 


20 


14 


10 


8 





, 


i 


Tealby Beds ... 


135 


65 


60 
(about) 


60 


68 


20-40 


10 





1-3 


Spilsby Sandstone 


50 


42 


36 

(about) 


30 


(?)7 


35 


15 


9 
(about) 


10 



Oolitic. 
Kimmeridge, CoralUan and Oxford Clays with Kellaways Beds. 
These formations underlie the alluvial tracts of the Fens and 
the Ancholme Valley. The thickness of the Kimmeridge Clay 
is estimated at 320 ft. (7). The Corallian is represented by some 
:20 ft. of black clay with much selenite, while the Oxford Clay is 
about 300 ft. thick in North Lincolnshire and over 450 ft. in the 
isouth of the county. At Woodhall a boring, starting in super- 
::£cial deposits, passed through 468 ft. of Kimmeridge and Oxford 
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Clays into tlie Kellaways Beds (7). It is believed that there may 
be about 800 or 900 ft. of clay between the Spilsby Sandstone and 
the Kellaways Beds. 

The Kellaways Beds, at the base of the Oxford Clay, consist 
of an alternating series of buff sandstones, sands, loams and clays, 
with usually clay or shale from 7 to 18 ft. thick at the base. The 
full thickness at Sudbrooke is about 25 ft. (7). 

Cornbrasli. 

The Cornbrash is a fossiliferous rubbly limestone averaging 
about 7 ft. thick (4, 7) in Central Lincolnshire, but thinning 
northwards to about 3 ft. Southwards it increases to about 15 ft. 
at Stamford. 

Great Oolite Clay and Limestone. 

The Great Oolite Clay consists of dark-graj', purple and greenish 
clays with oyster-beds and lignite. It ranges from 5 to 35 ft. in 
thickness. 

The Great Oolite Limestone comprises hard shelly and occa- 
sionally oolitic limestones with shales and marls. The aggregate 
thickness varies from 12 to 25 ft., but the formation disappears 
to the north of Brigg and is not persistent as a limestone under 
the Fenland. 

The Ufper Estuarine Series and Lincolnshire Limestone. 

The Upper Estuarine Series consists of white sands, green clays, 
with shelly marls and limestones, and is from 20 to 35 ft. thick. 

The Lincolnshire Limestone, an oolitic rock which forms a 
notable source of artesian water in South Lincolnshire, becomes 
less homogeneous in North Lincolnshire, where it includes an 
upper part of oolitic limestone (Ponton Beds) about 20 ft. thick, 
and a lower part, about 45 ft. thick, in which clays appear. The 
aggregate thickness ranges from 36 ft. at Crowland to 132 ft. at 
Boothby Pagnell. At Lincoln it has thinned to 70 ft., and further 
north to 60 ft. (8). 

The Lower Estuarine Series and N orthamiiton Beds or Dogger. 

The Lower Estuarine Series and Northampton Beds or Dogger 
vary from about 10 ft. up to 35 ft. The beds are worked for iron- 
stone in places. In the central parts, near Lincoln, the Estuarine 
beds are practically absent, while in the north of the county the 
Dogger and some white sands measure from 20 to 30 ft. in thick- 
ness (8). 

LlASSIC. 

The Upper Lias of North Lincolnshire does not exceed 26 ft. 
at Appleby, but thickens southwards to 80 ft. at Lincoln, 120 ft. 
near Grantham, 135 ft. at Crowland, and 200 ft. at Cavthorpe 
(7,8). 

The Middle Lias comprises a lower clay-zone from 40 to 80 ft. 
thick and an impersistent upper sandstone- and ironstone-group. 
This rock-bed or marlstone is 30 ft. thick near Grantham (7), but 
at Lincoln is represented by a single layer of stone which thickens 
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1 From an unpublished section by Mr. Henry Preston. 



2 The Haxey boring is sometimes referred to as the South Carr on Idlestop boring. It is situated close to the boundary between Lincolnshire and Nottinghamshire. 
Details as to the divisions of the Permian and Trias wiU be found in the table following p. 110. 
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northwards to 5 ft. Thfe total thickness of the Middle Lias does 
not exceed 100 ft. (8). 

The Lower Lias thickens from 290 ft. in the north of Lincoln- 
shire to about 700 ft. in the south of the county (2, 7). 

Teiassic. 

Rliaetic. 

The Rhaetic beds consist of black shales about 25 ft. thick. The 
boring at Boultham showed 22 ft. of these above the uppermost 
green marls of the Keuper. 

Keuper and Bunter. 

The Keuper consists of red and green marls with subordinate 
sandstones. The Lower Keuper Sandstone or Waterstones seem to 
have passed into a marly facies, and not improbably some of the 
beds referred to as Keuper Sandstones in the borings are of Bunter 
age (9). On this view the Trias in the Lincolnshire borings will 
be divided as shown in the preceding Table, and may be regarded 
as consisting of about 900 to 1,000 ft. of Keuper and 800 ft. or 
more of Bunter. 

Peemian. 

The Permian Limestones and Marls were passed through at 
Haxey and proved to be 545 ft. thick (7). 



92 



MIDDLESEX and HERTFORDSHIRE. 

Table of Strata exposed and proved in borings. 



Superficial ( Alluvium and Valley Gravel ... 
I Glacial Drift and Plateau Gravel 



Thickness in 
feet. 



Eocene 



CretaceottS 



Jurassic . 
Palaeozoic 



'' Bagshot Beds to 80 

London Clay (proved to 353 ft.) probably 400-450 
Reading Beds, 31 ft. to 98 ft. ...\ 

Thanet Sand, distinguishable in borings \ 

s only, ft. to 55 ft j 

Upper Chalk 

Middle Chalk 

Lower Chalk 

UpperGr«e«sand|s^,,„^^.^^ - { 

Proved in borings only : — 



31-107 



190-275 

200-267 

170-208 

up to 44 

215 



to 64 



AUTHOKITIES. 

1. Geology of London, Mem. Geol. Surv., vol. i, 1889. 

2. „ „ Mem. Geol. Surv., vol. ii, 1889. 

3. Cretaceous Rocks of Britain, Mem. Geol. Surv., vol. i, 1900. 

4. „ „ Mem. Geol. Surv., vol. ii, 1903. 

5. „ „ Mem. Geol. Surv., vol. iii, 1904. 

6. Geology of the London District, Mem. Geol. Surv., 1909. 

7. Records of London Wells, Mem. Geol. Surv., 1913. 

South of a line from Watford to Hatfield and thence to Ware 
the surface is occupied mainly either by Eocene or Superficial 
deposits ; north of this line it is formed of Chalk, with Eocene 
outliers here and there, except where, on the northern border of 
Hertfordshire, small areas of Gault are included within the county 
boundary. 



Superficial. 

Recent Alluvium occupies considerable areas in the valleys of 
the Lea and the Colne. Older river-deposits cover a much larger 
space west of the Lea, in the valley of the Thames, between the 
outfall of the Lea and that of the Colne, and including the area 
now occupied by London. Thus we find at Chiswick, Valley Drift 
(sand and gravel), 40 ft. ; at Hatton (west of Hounslow), River 
Gravel, 14 ft. ; at Haggerston, Valley Drift (sand and gravel), 
7 ft. (2). Glacial Drift also varies greatly in thickness. Thus, 
at Finchley (North End) there was 42 ft. of Boulder Clay above 
13 ft. of sand and gravel of Glacial age. At Finchley Common, 
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25 ft. of Boulder Clay and then London Clay (2). The Boulder 
Clay of this district is a tough clay containing many fragments 
and pebbles of chalk and of flint, with occasional beds of sand 
and gravel. Plateau Gravel, sometimes called Pebble Gravel, 
and consiisting of pebbles of flint and quartz, with a 
certain amount of loam or clay, overspreads some of the higher 
ground. It may be seen at Pinner, Stanmore, Totteridge, Chip- 
ping Barnet, and other places (6), but is of no great thickness. 

The material on the dip-slopes of the Chalk in Hertfordshire and 
elsewhere, which is known by the general name of Clay-with- 
flints, varies indefinitely in thickness and in character. 

Fig. 19. Middlesex and Hektfoedshiee. 
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Eocene. 

• . i . : , . Bagshot. 

lae BagsJiot Beds occur as outliers at Harrow, Hampstead, and 
Highgaie Hills. At Hampstead there may be a thickness of about 
60 or 80 ft. of this formation which has survived denudation (1). 
It consists mainly of fine sand with thin layers of clay, and the 
lower part is generally loamy. 

London Clay. 

London Clay is seldom at its full thickness except where the 
Bagshot Beds overlie it. At Hampstead, in a borehole, a thickness 
of 353 ft. was traversed, but the boring started upwards of 50 ft. 
below the top of the formation. Between Hampstead and the 
Thames, where a part only of the formation is present, the thick- 
ness met with is occasionally less than 100 ft. (2). 

Reading Beds and Thanet Sand. 

The Reading Beds occupy but a small proportion of the surface, 
but have been traversed in a large number of wells. Their delimi- 
tation from the Thanet Sands is always difficult, and in well- 
sections often impossible. The two are therefore grouped together 
in the Table on p. 92. The Reading Beds consist generally of 
red and mottled clays of various colours irregularly bedded with 
loams, sands and a more or less persistent pebble-bed. The Thanet 
Sand is usually glauconitic. 

In Hertfordshire the Thanet Sand is rarely, if ever, recog- 
nisable, and the thickness of Reading Beds varies from 31j to 
68 ft. In Middlesex the united thicknesses of Reading Beds and 
Thanet Sand vary from a minimum of 275- ft. (Pinner) to a maxi- 
mum of 107 ft. (East London) in an eastward direction, and from 
a minimum of 56 ft. (Hendon) to a maximum of 103 ft. (West- 
minster) in a southward direction, but the changes in thickness 
indicated by these figures proceed with much irregularity. 

Aggregate Thickness of Beading Beds and Thanet Sand 
in Middlesex. 

Feet. 
East Middlesex : — Ponder's End and Edmonton 

southwards to Tottenham and London City ... 62-107 

Central Middlesex :— Hendon and Knchley south- 
wards to Hampstead and Westminster ... . 56-103 

West Middlesex : — ^Pinner and Harrow southwards to 

Southall and Staines 27^80 

In East and Central Middlesex about 30 to 40 ft. of the thick- 
nesses given above are assigned to the Thanet Sand, but in West 
Middlesex the amount so assignable is greatly reduced, and the 
subdivision disappears before it reaches the outcrop. 

Cretaceous. 

The thicknesses of the Chalk, Upper Greensand and Gault have 
been determined in the deep borings enumerated in the Table 
on p. 96. 
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Chalk. 

The Upper Chalk includes at its base the Chalk Rock, which 
consists of bands of hard nodular limestone of a yellowish tint, 
but showing a green coating on many of the nodules. The bands 
are interbeaded with soft chalk, and the whole attains a thickness 
of about 15 ft. A specimen assignable to the Chalk Rock was 
obtained from a depth of 161 to 169 ft. in the boring at Bushey, 
and it is estimated that the total thickness of Upper Chalk in that 
neighbourhood must be about 190 ft. (5). At Kentish Town and 
Mile End 244| and 259 ft. respectively were assigned to the Upper 
Chalk. Further soiitli the thickness increases to upwards of 
400 ft. (p. 73). 

The Middle Chalk includes at its base the Melbourn Rock, a 
hard nodular yellowish chalk about 9 ft. thick. An average thick- 
ness of 220 ft. is assigned to this subdivision in Hertfordshire (4). 
At Bushey it appears to have been about 267 ft. (2) and at Mile 
End 200 ft. (2). 

The Lower Chalk contains at about 100 ft. from its top the 
Totternhoe Stone, a hard stony chalk about 20 ft. thick, ',some- 
times occurring in two bands with marly chalk between, and 
containing green-coated nodules. Below this the Lower Chalk 
includes a variable thickness of Chalk Marl. The total thickness 
of the Lower Chalk varies from 170 ft: 'to 200 ft. in Middlesex 
and Hertfordshire (1 and 4). Xi Cheshimt 184 ft. were asiSigned 
to it, and at Bushey 255 ft. ?, of which 119 ft. were supposed to 
consist of Chalk Marl. At Tottenham Court Road the thickness 
was 2081 ft., including 32 ft. of Chalk Marl. At Mile End the 
thickness was 195 ft. (2). 

Upper Greensand and Gault. 

The Upper Greensand is the lithological name for so much of 
the upper part of the Selbornian as can be described as a sand or 
sandstone. That part varies in thickness from 12 to nearly 44 ft. 
in the counties under consideration. The Gault, which is the name 
applied to the remaining portion of the Selbornian and which 
characteristically denotes a clay, varies from 130 to more than 
200 ft. in thickness. The united thickness of the Upper Green- 
sand andUault varies from 138 ft. (Southall) to 252 ft. (Willesden) 
as reported, but it is almost certain that the base of the Chalk was 
not correctly determined at Willesden. Much of the so-callfed 
Gault is Chalk Marl. 

Jtjeassic. 

The Jurassic rocks have been proved at Tottenham Court Road 
only. They consisted in the main of limestone attributable to the 
Great Oolite. Their distribution in Middlesex and Hertfordshire 
is unknown, except so far that they were absent in the other 
borings mentioned, but were present in parts of Surrey (Richmond 
and Streatham, p. 135). 
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NORFOLK. 

Table of Strata exposed and provei in borings. 



Superficial 



Pliocene 



Eocene 



Cretaceous 



Jurassic 



(■ Alluvium 
(.Glacial 

C Forest-bed Series 
(.Crag 

{London Clay- 
Reading Beds ... 

f Upper Chalk 
Middle Chalk ... 

; Lower Chalk 
Gault and Red Chalk 
Lower Greensand 



Proved in borings only : — 



Clays 



Tliickness in 

Peet. 

up to 120 

up to 300 

up to 30 
up to 208 

310 
46 

1,150 
100-200 

56-125 
4-60 

93-170 



to 630 



Authorities. 

1. Geology of the Fenland, Mem. Geol. Surv., 1877. 

2. Geology of the Neighbourhood of Norwich, »6., 1881. ' 

3. Geology of the Country around Cromer, ib., 1882. 

4. „ „ Fakenham, Wells and Holt, ib., 1884. 

5. „ „ East Dereham, ib., 1888. 

6. Geology of the Country near Yarmouth and Lowestoft, ib., 1890. 

7. Pliocene Deposits of Britain, ib., 1890. 

8. Geology of South-Western Norfolk and Northern Cambridgeshire, ib., 1893. 

9. Jurassic Rocks of Britain, ib., vol. v, 1895. 

10. Geology of the Borders of the Wash, ib., 1899. 

11. Cretaceous Rocks of Britain, ib., vol. i, 1900. 

12. „ „ ib., vol. ii, 1903. 

13. „ „ i6., vol. iii, 1904. 

14. P. W. Harmer. Geology in the Field, Geol. Assoc, 1910, p. 108. 

15. Summary of Progress for 1910, Mem. Oeol. Surv., 1911. 

SUPESFICIAL. 

Alluvium. 

The chief alluvial deposits of Norfolk are found in the Fen 
Country in the west, and in the district of the Broads in the east. 

The Fen alluvium consists of peat, silt and gravel, and varies 
in Fhickness from about 30 to 50 ft, (1). 

The average thickness of the alluvium in the Broads is probably 
about 20 ft., but at Potter Heigham it reaches 58 ft., while at 
Great Yarmouth a thickness of 120 ft. of " Eecent Estuarine 
deposits " is recorded below 30 ft. of shingle and sand (6). 
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Glacial. 

The glacial clays, sands and gravels cover large areas in the 
central, northern and south-eastern parts of Norfolk. They 
genei'ally extend to a depth of 100 ft., and in the Cromer district 
these deposits, in the form of contorted drift, have a development 
of 200 to 300 ft. (14). 

The rock-surface on which the glacial drift rests lies below the 
level of the sea in many parts of the Fen ^Country, and also in a 
coastal strip extending from near Cromer to Yarmouth and along 
the southern boundary of the county as far west as Diss. At 
Yarmouth its depth below the sea is no less than 150 ft. (6). The 
parts of Norfolk in which the rock-surface lies at more than 30 ft. 
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and at more than 100 ft. below sea-level are shown on the map 
forming Fig. 21. 

Channels in the Chalk which have baen filled up with glacial 
material are not uncommon in East Anglia, but one only has so 
far been encountered in Norfolk. At Saham Toney a boring 
proved that superficial deposits exte'nd to more than 100 ft. below 
sea-level (15) . 



o 



o 



IS 




Pliocene. 

The Forest Bed Series occurs on the coast from Sheringham 
eastwards to beyond Trimingham. It is on the average about 
15 ft. thick, but near Overstrand reaches 24 ft. At Trimingham 
the Forest Bed and Weybourn Crag have a total thickness of 
40 ft. (3, 7). 

The Crag occurs in East Norfolk but is generally covered by 
glacial deposits. At Norwich and in the Bure Valley it averages 
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30 ft. (7), but it thickens rapidly southwards, being 208 ft. at 
Wheataere and 129 at Beccles. In the north, near Cromer (3), it 
is only about 10 to 15 ft. thick. 

Eocene. 

■ 

Lower Eocene Beds have been found in two borings. At Great 
Yarmouth there is a thickness of 310 ft. of London l3laj-, but the 
upper part has been removed by erosion. The Reading Beds are 
46 ft. thick in the same neighbourhood, but probably do not 
extend west of a line running almost due north from Beccles 
to Eccles (6). 

Cretaceous. 

Chall!.. 

The highest Chalk known to exist in England occurs in this 
county. In eastern Norfolk the total thickness of the Upper 
Chalk has been estimated at 1,150 ft. (13), in which are comprised 
the zones enximerated below (13) : — 

Zones of tlie Upper Chalk at. Norivich. 

Feet. 
Zone oi Ostrea lunata ... ... 110 

2jone oi Belemnitella mitcronaia 250 

Zones oi Actinocamax quadratus axid Marsupites ... 400 

Zones of Micraster coranguinum and M. coriestudin- 

arium ... 340 

Zone of Holaster planus ... ... ... ... ... 50 

The Middle Chalk is about 100 ft. thicJc in North Norfolk but 
is nearer 200 ft. in thickness on the Suffolk boundary. 

' Near Stoke Ferry the total thickness of the Lower Chalk is 
probably about 125 ft. , but this decreases rapidly northwards ; at 
Marham it is about 90 ft., and at Hunstanton it is reduced to about 
56 ft.' (12). This thinning is observable both in the Chalk Marl 
and Holaster subglobosus Zone. The Chalk Marl thins from 
70 to 75 ft. to 18^ ft., while the upper zone thins from about 
54 ft. to 38 ft. At Norwich the Chalk-without-flints is 10'2 ft. 
thick (12). 

Gault. 

' The whole of the Gault clay near Stoke and Dereham is very 
marly, and the upper part becomes more calcareous northward.' 
In this direction the beds representing the Gault clay thin rapidly. 
At Stoke Ferry they are 58 ft. ; at Roydon, 19 ft. ; at Dersingham, 
7 ft., and at Hunstanton, 4 ft. At Dersingham the tipper part 
is a red clayey marl and at Hunstanton the whole is a red earthy 
limestone (11). 

The boring at Halkham Hall, quoted in the following table, 
showed 8 ft. of red marl over 10 ft. of blue clay, but at Norwich 
the Gault was represented by more than 38 ft. of blue clay (11). 
This seems to show that the different facies which the Gault 
Clay assumes in its passage into the red rock of Hunstanton 
are arranged in belts running in a north-east to south-west direc- 
tion. 
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Lower Greensand. 

North of Sandringliani the Lower Greensand is divided into 
three groups : — 

Ft. 
Carstone ... ... ... ... ... 40 

Snettisham Clay 30 

Sandringham Sands ... ... ... 100 

The Snettisham Clay is in part represented by flaggy sandstone. 
It thickens northwards but is not known south of Sandringham 
(10, 14). 

JXJEASSIC. 

Jurassic clays- have been penetrated under the Fen deposits at 
Lynn to a depth of 630 ft. Probably most of tliis is Kimmeridge 
Clay, but the lower part may be Oxfordian. At Downham Market 
the Kimmeridge Clay was proved to be over 187 ft. thick (9). 
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Table of Strata. 



««p-«-i {S'"::: ::: 

Triassic ... (Keuper Marls ... 
<. Sandstones 

f Magnesian Limestone 

Permian ... Marl Slate ... 

I Yellow Sands ... 
Carboniferous 



Thickness in 
feet. 
up to 50 
to 300 

to 110 
to 1,200 

299-H900 
, Usually 3, but 
up to 15. 
0-104 



Attthokities. 

1. W. J. Bird. Trans. Manchester Geol. Soc, vol. xix, 1888, p. 564. 

2. An Account of the Strata of Northumberland and Durham as proved by 

Borings and Sinkings [six vols.]. N. of Eng. Inst. Min. Eng., 1878-1897. 

3. G. A. Leboiu:. Victoria History of the Counties of England, Durham, 1905. 

4. D. Woolacott, Quart. Joum. Oeol. Soc, vol. Ixi, 1905, p. 64. 

5. E. J. Garwood. Geology in the Eield, Geol. Assoc., 1910, p. 661. 

6. C. T. Trechmann, Quart. Joum. Geol. Soc, Vol. Ixix, 1913, p. 184. 

7. D. Woolacott. On the Geology of North-Bast Durham and South-East 

Northumberland, Proc Oeol. Assoc, Vol. xxiv, 1913, p. 87. 

SUPEEFICIAL. 

AlluviuTn. 

Tlie largest spread of Alluvium is found in the estuary of the 
Tees below Stockton ; it includes freshwater and marine deposits 
and has a maximum thickness of 50 ft. (3). 

' Glacial. 

Glacial Beds cover most of the coastal districts where the eleva- 
tion is less than 1,000 ft. They consist of a lower boulder-clay, 
which in places reaches 300 ft. in thickness, and an overlying 
series composed of sand and gravel with laminated clays (3, 4). 

The boulder-clay is thickest where it fills buried valleys 
belonging to a pre-glacial river-system. The most important 
member of the system was the Tyne, but another buried channel 
follows the present course of the Wear to Durham and runs thence 
northwards past Chester-le-Street to near Newcastle, where it joins 
the Tyne buried valley at a depth of 140 ft. below present sea- 
level. Between Chester-le-Street and the Tyne the buried channel 
is known to miners as the ' Wash ' (4). 

Triassic. 

The Keuper Marl is met with only in borings and only in the 
south-east of Durham, where 110 ft. have been found above the 
Triassic Sandstones. The latter form the surface to the south- 
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east of a line drawn from West Hartlepool to Darlington, and 
reach about 1,000 ft. in thickness. Underlining the sandstones 
are 300 ft. of saliferous marls containing beds of gypsum, 
anhydrite and roct-salt, and alternating with sandstones. Where 
the cover of overlying strata has been sufficient to prevent solution 
the bed of rock-salt varies in thickness from 60 to 100 ft. (1, 3). 



Fig. 22. Koethumberlastd and Durham. 




104 kohtiiumbehland axd dueiiam. 

Permian. 

The Permian of Durham consists of the Magnesian Limestone, 
Marl Slate and Basal Yellow Sands. 

The chief of these is the Magnesian- Limestone, which varies 
from 299 to 900 ft. in thickness and may be divided into three 
groups : — 

The upper group consists of about 100 ft. of yellow-bedded lime- 
stones; these are underlain by 250 ft. of concretionary and non- 
concretionary limestones and marls and 10 ft. of flexible limestone. 

The middle group is 300 to 150 ft. thick and consists of brec- 
cia ted limestones. 

The lower group is formed bv bedded brown limestones and is 
from 40 to 200 ft. thick (7). 

The Marl Slate is a persistent ' tliinh'-laminated arenaceous 
argillaceous calcareous bed ' which is usually 3 ft. thick but has 
a maximum development of 15 ft. 

Beneath the Marl Slate there lie in places yellow sands which 
fill hollows in the Carboniferous iloor. These sands vary in thick- 
ness from to 104 ft. ' 

In Northumberland two small outliers of Magnesian Limestone 
with its basal beds are found near Tynemouth. 
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Superficial 



l!riassic 



Permian . . 



]S"OTTI]SrGHAMSHIEE. 

Table of Strata. 



(Alluvium 

\ Glacial deposits 

Lower Lias 

(Rhaetic 
Keuper Marl and Waterstones 
Bunter Pebble Beds and lower Mottled 
Sandstone 



Permian Marl 

Upper Limestone 

Middle Marl 

Lower Magnesian Limestone 
Marl Slate and Breccia... 



Carboniferous 



Thickness in 
feet. 

up to 33 
, up to 100 

, up to 150 

30-34 

740-770 

200-680 

0-118 

0-84 

0-153 

0-273 

0-180 



AUTHOEITIBS. 

1. The Geology of the south-west part of Lincolnshire with parts of Leicester- 

shire and Nottinghamshire, Mem. Oeol. Surv., 1885. 

2. J. P. Blake. The Victoria History of the Counties of England, Notting- 

hamshire, 1906. 

3. The Geology of the Country between Newark and Nottingham, Mem. Oeol. 

8vjrv., 1908. 

4. The Geology of the Melton Mowbray District and south-east Nottinghamshire, 

ib., 1909. 

5. The Geology of the Country around OUerton, ib., 1911. 

6. The Concealed Coalfield of Yorkshire and Nottinghamshire, ih., 1913. 

7. The Water Supply of Nottinghamshire, ib., 1914. 



StrPEBFICIAL. 

Alluvium and River Gravel. 

Thfe river-gravels and alluvium cover some 170 square miles 
in the county. The Trent valley is floored with about 15 to 25 ft. 
of gravel which is in places overlain by some silty loam or clay 
(7). The river-deposits as a whole range up to 32 or 33 ft. in 
thickness (3). 

Glacial. 

Glacial Drift is represented by isolated patches of sand and 
gravel sometimes associated with boulder-clay. By far the largest 
continuous tract lies south of the Trent on the Leicestershire 
border between the Vale of Belvoir and the Soar valley, and forms 
a spur projecting northward from the main mass of chalky boulder- 
clay of Leicestershire. In places the drift attains a thickness of 
80 to 100 ft., composed occasionally wholly of boulder-clay but 
more often including small len tides of sand and gravel (7). 
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LlASSIC. 

The lowest siibdh'isioii only of tlie Lias is represented in the 
county. In the neighbouring parts of Lincolnshire the Lower 
Lias shales have an apjDroximate thickness of 650 ft., and consist 
mainly of impervious clays and shales, but the Nottinghamshire, 
border includes less than half the breadth of the outcrop (7). 

Fig. 23. NoTTiNGiiAMsmnE. 
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Tbiassic. 

The complete Triassic _ sequence has been met with in the 
Owthorpe and South Scarle borings only. At Owthorpe it attains 
a thickness of 1,057 ft., and at South Scarle of 1,450 ft., the 
difference indicating a northerly increase of 394 ft. in 21 miles (6). 
The Bunter shows a more rapid increase than the Keuper, but 
the Rhaetic appears to be fairly uniform in thickness throughout 
the county. 

The Trias of Nottinghamshire includes representations of the- 
following subdivisions : — 
Ehaetic. 

Keuper -f J^^^rls. 

^ (.Waterstones. 
Bunter /Pebble Beds. 

(_ Lower Mottled Sandstone. 



Rhaetio. 

The Ehaetic Beds consist of light-coloured marls with lime- 
stones in the upper part (White Lias) and of black shales in the 
lower part. They make a fairly prominent escarpment in the 
south-west of the county. At East Leake a railway-cutting 
through the JN'ormanton Hills showed about 20 ft. of the dark 
shales, overlain by grey shale with thin limestones which passed up. 
into the Lias, but of which about 12 ft. was assigned to the 
Rhaetic (4). 

At Stanton-on-the-Wolds 13 ft. of the black shales are seen, and 
at Owthorpe where the Ehaetic is fully developed the black shales 
are 14 ft. thick and the White Lias 20|- ft (4). The same thick- 
nesses approximately are maintained northwards. 

Keuper. 

The north-eastward expansion of the Keuper is proved in the 
borings of which abstracts are given on the table following 
p^ 110. The thickness of 893J ft. at South Scarle appears to be 
ah, overestimate due to xhe difficulty of distinguishing Keuper 
from Bunter. The thickness assigned to the Bunter is cor- 
respondingly too small. 

The Waterstones average about 100 ft. in ^he southern part of 
the county,' but increase to 150 ft. at Thurgarton (3), 174 ft. at 
Kelham (7), and 289 ft. at Newark (3). 

Bunter. 

The Pebble Beds are rather coarse red sands with scattered 
pebbles of quartzite and other rocks.- Northwards both the size 
an'd number of the pebbles decrease and at the same time bands 
of marl and loamy sands make their appearance, till the Pebble 
Beds cease to be distinguishable from thfeLo^er Mottled Sandstone 
(6). The northward expansion of the Bunter is illustrated by 
the borings quoted later. The i^ecord of onl^ 437 ft. in the South 
Carr or Haxey boring (7) may be An under-estimate as explained 
above. That the expansion cpntinues into the extreme north- 
eastern part of the county is shown by the record of 856| ft. at 
Thorne in South Yorkshire, just over the county-boundary (6). 
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Peemian. 

The Permian succession is as follows : — 

Upper Permian Marl. 

Upper Limestone. 

Middle Marls. i 

Lower Limestone. 

Basement Beds, Marl Slate and Breccia. 

All these divisions diminish in thickness southwards and dis- 
appear two miles north of the Trent Valley j Eastwards they 
thicken as proved in various borings. The Upper Permian Marls 
are nowhere exposed in the south of the county and first appear 
in the Bevercotes boring as a band of variegated marl 3 ft. 2 ins. 
thick (6). From, thence they thicken in a north-easterly direction 
like the other subdivisions of the Permian and Trias. 

The Upper Limestone, which cannot be recognised further 
south than Mansfield, thickens in a north-easterly direction at a 
uniform rate as shown in the Table following p. 110. 

The Middle Marls consist of red clays and marls with inter- 
calations of red sandstone. At Cinderhill they show a thickness of 
25 to 30 ft. (2), and north of Mansfield of 30 to 40 ft. At the latter 
place they are first overlain by the Upper Limestone. From the 
Table referred to it appears that the measurement of 153 ft. 
obtained at Bevercotes represents the maximum of the Middle 
Marls in the county (T). 

The Lower Limestone commences at Radford as a coarse 
brecciated dolomitic rock followed by a grit (2). In the southern 
part of the county it is about 30 ft. thick, but it expands suddenly 
a mile south of Mansfield and exceeds 300 ft. in South Yorkshire. 

The Basement Beds have at their base a breccia which crops out 
in the southern part of the county and is shown by borings to be 
persistent. It is seldom more thaii 3 ft. thick, but reaches 12 ft. 
near Mansfield (2). In the borings at Shireoaks and Haxey in 
the northern part of the county no breccia has been observed (7). 

Above this comes the ' marl-slate,' consisting of sandstones and 
shales. In the south it is represented by 13 to 24 ft. of yellow 
and red marly beds, but it expands rapidly north-eastwards (7). 

The map forming Fig. 24 shows, firstly, contour-lines at 
intervals of 500 ft. in the base of the Keuper (that is the top of 
the Bunter), from sea-level down to 1,000 ft. below sea-level; and 
secondly, similar contour-lines in the base of the Permian (that 
is the surface of the Coal Measures) down to a depth of 2,000 ft. 
below sea-level. 

From it the depth to the Bunter and the depth to the base of 
the Permian may be calculated at any point provided that the 
elevation of the surface is known. It shows also the angle of dip 
and the direction of strike in the Bunter and Permian. 

South of Nottingham several large faults affect both formations 
but there is no reason to suppose the existence of any important 
post-Permian faults between Nottingham and the Yorkshire 
border. 
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Fio. 24. Map of Nottixshamshirb, showing contours in the base of the 
Permian and in the base of the Keuper. 




. indicates a contour-line 500 ft. below sea-level in the 

500 base of the Permian (or top of the Coal Measures). 

indicates a contour-line 500 ft. below sea-level in the 

500 base of the Keuper (or top of the Bunter). 
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Table of Strata. 



Alluvium 
River Gravel 
Glacial Drift 

C Middle Lias 
' ( Lower Lias 

Bhaetic ... 
Keuper Marl 



Thickness in 
feet, 
up to 40 
. up to about 20 
. up to 210 

30 

. over 400 

up to 24 
... up to 3,000 



Keuper Sandstone including Water- 

Triassie .../ stones 450 

Upper Mottled Sandstone 500 

Bunter Pebble Beds 600 

1^ Lower Mottled Sandstone ... ... 80-650 

Carboniferous (?),' Permian of Salopian type ' ... — 



Authorities. 

1. R. I. Murchison. The Silurian System, 1839. 

2. The Triassic and Permian Rocks of the Midland Counties, Mem. Oeol. Surv, 

1869. 

3. Reports of tiie' Committee to investigate the Circulation of the Underground 

Waters, &c., Bep. Brit. Assoc., 1875-1895. 

4. The Jurassic Rocks of Britain, Mem. Oeol. Surv., vol. iii, 1893. 

5. T. C. Cantrill. Victoria History of the Counties of England, Shropshire, 

1908. 

Superficial. 

Alluvium and River Gravels. 

Broad spreads of alluvium occur within the county, notably in 
the valleys of the Severn, the Teme, and the Rea. At the con- 
fluence of the Tanat, Vyrnwy and Severn alluvium and river- 
gravel occupy a wide expanse and attain a thickness that can be 
hardly less than 30 to 40 ft. 

Glacial. 

The glacial deposits occur principally in two areas, one 
including almost all the part of the county lying north of Shrews- 
bury and west of Market Drayton, and the other keeping to the 
eastern borders of the county south of Shrewsbury. In the former 
area a shaft 1^ miles north-west of Gobowen showed a thickness 
of 170 ft. of boulder-clay with sand and gravel, while the Daywell 
Colliery close by was sunk through 180 ft. of drift. Near 
Oswestry the thickness is 32 ft. in the town; 35 ft. at Messrs. 
Ireland and Co.'s Colliery; 85 ft. at the Crosswilling shaft- 
sinking; 85 ft. at Dryll Colliery, one mile south of Oswestry; 
125 ft. at Pen-y-lan shaft in the immediate vicinity, and 80 ft. 
at Trefonen, 2| miles south-west of Oswestry. Faither east it is 
further reduced, three wells at West Pelton showing 12, 20 and 
30 ft. respectively of glacial sand and gravel. The glacial sands 
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are at least 30 ft. thick in the neighbourhood of Twyford, 3 miles 
south-east of Oswestry. North of Jlllesmere they are 150 ft. thick, 
and about 70 ft. between Ellesinere and Cockshutt. At Petton, 
6 miles west of Wem, 120 ft, of glacial gravel is recorded (5). 

On the northern margin of the county 96 ft. of sand has been 
proved at Whitchurch and 100 It., of drirfc west of Market Drayton. 
The same thicknesses occur, around Frees and Wem, but at Preston 
Brockhurst, 3 miles south-east of Wepi, the. drift is only 10 ft. 
thick (3, 5). / ;.,' 

In the neighbourhood of Shrewsbury the thickness of the glacial 
beds varies up to more than 100 ft. At Dunn's He&th, three miles 
north of the town it exceeds that amount (5), but to the immediate 
east, at Sundorne, falls to 34 f ;t. ,(3) . Two wells in the town itself 
show thicknesses of 34 and 83 ft. of drift, while the Grammar 
School well apparently commenced in solid rObk (3) . To the west 
of the town at Bioton there is a thickness of. 38 ft. of glacial gravel 
knd clay, while at Atcham, 4 miles to the south-east of Shrews- 
bury, the drift is as much as 210 ft. thick (3). 
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In the second area, to the south-east of Shrewsbury, the drift 
is more irregularly distributed, though in places thicknesses of 
over 200 ft. are recorded. A well at Wellington traversed 45 ft. 
•of drift (3) ; while at Ironbridge a thickness of more than 200 ft, 
is attained. The drift is also widely spread around Claverley, 
«ast of Bridgnorth, but in the south-ypest of the county it occurs 
■only in scattered patches. At Hahwood, near Pontesbury, it is 
at least 50 ft. thick, while farther south a well near Craven Arms 
railway-station was sunk 46 ft. in glacial gravel. In the branch- 
valleys of the Smethcott Brook the glacial drift is stated to have 
& thickness of more than 50 ft.^ ' 

Lias SIC. 

The Middle and Lower Lias form an outlier around Prees. The 
sandy marlstone of the Middle Lias is 8 to 10 ft. thick at Prees 
and below it are sandy beds passing down into more argillaceous 
atrata which have been pierced to a depth of 20 ft. The total 
thickness of the Middle Lias is estimated at about 30 ft. 

At WooUiston, 2 miles north-east of Prees, shafts sunk in search 
of coal have pierced the Lower Lias to a depth of 400 ft. without 
reaching the base (4). 

Teiassic. 
Rhaefic. 

The Rhaetic beds are not visible in the outlier of Prees, but just 
across the Cheshire county-boundary, at Audlem, 24 ft. of black 
shales with marls overlie the uppermost green marls of the Keuper 
and are overlain by glacial drift -(5). 

Keuper. 

There are no boriiig-r^cords available for the total thickness of 
the Keuper in Shropshire. A. boring recently made at Haughton, 
near Baschurch, revealed a thickness of 323 ft. of Keuper Marl, 
but it probably began low down in the marl. 

' Taking all things intO' account 3,000 ft. is the least thickness of 
the Keuper Marl which would be found if these beds were pene- 
trated below the Lias of Trees. And if we add 450 ft. for the 
thickness of the Lower Keuper Sandstone, the thickness of the 
Keuper Beds in Shropshire is 3,450 ft.' (2)- 

The Lower Keuper Sandstone near Stourbridge across the 
south-eastern border of the county is 400 to 500 ft. thick (2), and 
in the Peckforton Hills in Cheshire 400 ft. (2). 

Bunter. 

The Upper Mottled Sandstone may average about 500 ft. in 
thickness. It has been estimated to reach more than that in 
Cheshire (p. 30) and not less than 215 ft. in Worcestershire 
(p. 138). At Grinshill it has been sunk through for more than 
222 ft. (1). A boring at.Cosford fp. 124) traversed a large part 
of the Bunte}'. , .• 

The Pebble Beds have been estimated at 600 ft., but no 
definite line can be drawn either at their top or their base. 

The Lower Mottled Sandstone varies from 80 ft. south-east of 
Market Drayton to upwards of 650 ft. near Bridgnorth (2). 
• Lapworth and Watts 'Geology in the Field.' Ge'ol: Assoc, 1910, p. 764. 



114 



SOMERSET. 

Table of Strata. 



Superficial Alluvium . 



Cretaceous .. 



Oolitic 



Liassic 



Triassic 

and 
Permian. 



[ Middle Chalk 

J Lower Chalk 

j Upper Greensand ... ..; 
[ Gault 

' Corallian 

Oxford Clay with Kellaways Beds 

Cornbrash 

Forest Marble (with Bradford Claj') 

Great Oolite 

Fuller's Earth 

Inferior Oolite ... 

k Midford Sands 

! Upper Lias 

Middle Lias 

L Lower Lias 

■Rhaetio 

Keuper Marl 

Upper Sandstones 

Pebble Beds 

Lower Marls 

.Lower Sandstones 



Thickness in 

feet. 

to 85 

150 

200 

100-180 

to 90 

120 

400 

20-25 

90-130 

0-110 

35-420 

7-118 

0-200 

10-50 
to 230 
to 500 

20-75 
to 1,350 
to 300 
to 100 
to 200 
to 500 



Carboniferous and older rocks 



Authorities. 

1. Re-p- Brit. Assoc, for 1878, p. 408. 

2. Jurassic Rocks of Britain, Mem. Geol. Surv., vol. iii, 1893. 

3. „ „ ib., vol. iv, 1894. 

4. „ „ ib., Vol. V, 1895. 

5. Cretaceous Rocks of Britain, ib., vol. i, 1900. 

6. „ „ ib., vol. ii, 1903. 

7. Summary of Progress for 1908, *., 1909. 

for_1909, a., 1910. 

8. L. Richardson. G«ologyin the Field, Oeol. Assoc., 1910, p. 329. 

9. J. MoMurtrie. Proc, Somerset Arch, and Nat. Hist. Soc., vol. Ivii, part ii, 

1911, p. 25. 

10. Summary of Progress for 1913, Mem, Qeol. Surv., 1914. 
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Broad plains of estuarine and fluviatile alluvium lie around 
Bridgwater and between Glastonbury and the Bristol Channel. 

Smaller areas occur to the east of Weston-super-Mare. At this 
locality a boring showed 76| ft. of alluvium on Keuper Marl. 

Peat has been dug to a depth of 15 ft. on the low ground to the 
west of Glastonbury. 
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Cretaceous. 
ChaJ,lt. 

' Near Crewkerne the Lower Chalk ... is about 90 ft. thick. 
At Chard it is thinner, probably from 60 to 70 ft., consisting of 
(i.) the basal nodule-bed, which is a fairly hard rock fulL of 
fossils and phosphatic nodules; above is (ii.) glauconitic chalk 
passing up into white chalk, and finally (iii.) grey and buff 
marls.' Nodular rock like Melboum Rock occurs near Crewkerne. 
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Tte basal nodule-bed lias been generally regarded as representing 
the Chloritic Marl, and is taken by Mr. Jukes-Browne as a con- 
densed representative of the lower part of the Chalk Marl (6). 

Selbornian. 

' South of Crewkerne the thickness of the Greensand is not 
much over 100 ft. , . , but as they are followed westward to 
Chard several parts of the formation increase in thickness, and 
the total amounts to about 180 ft. Thus, the Chert-beds, which 
near Crewkerne are only 5 to 6 ft. thick, thicken to 25 and 30 ft. 
near Chard ; and the soft yellowish sands which form the central 
part of the series, and are commonly known by the name of 
"Foxmould," reach nearly twice the thickness they have in 
West Dorset.' The upper part of the Selbornian consists for a 
thickness of 8 ft. of a hard limestone with quartz-grains and 
1,1 hard calcareous grit (5). The lower part, for a thickness of 70 
I to 90 ft., has a clayey aspect in East Somerset, and is there dis- 
tinguished as Gault; In the Blackdown Hills the Gault is not 
distinguishable as a clay. 

Oolitic. 

The Selbornian rests unconformably upon the Jurassic and 
Triassic rocks and oversteps them westwards. The highest 
Jurassic strata visible in Somerset belong to the Corallian. 

Corallian. 

The thickness of the Corallian is believed to be about the same 
in Somerset as in North Dorset, namely, 120 ft. (4). 

I Oxford Clay with Kellaways Beds. 

; The ! outcrop of the Oxford Clay runs from near Wincanton to 
\ near Fjrome. Near Witham Friary the formation was proved in a 
I boring' to exceed 220 ft. in thickness, including upwards of 50 ft. 
I of sand-stones, limestones and marls attributable to the Kellaways 
I Beds. ; The total thickness in Somerset is likely to be about 400 ft. 

Cornbrash. 

The Cornbrash ranges through the county a+ the base of the 
; Oxfordian. At Wincanton there is evidence of 25 ft. of earthy 
and sandy limestones with intercalated marly bands (3). 

Forest Marble. 

This subdivision consists of an upper part of 15 to 20 ft. of shelly 
oolitic limestones (Frome Stone) and of a lower more clayey 
part in which is included the Bradford Clay. False bedding in 
the limestones is usually conspicuous. The total thickness of the 
Forest Marble has been estimated at 130 ft., diminishing to 90 ft. 
north of Frome. 

Great or Bath Oolite. 

This oolitic limestone is strongly developed in the neighbour- 
hood of Bath, and there reaches a thickness of 100 to 110 ft. 
Southwards it thins away, finally disappearing near Norton 
St. Philip, probably having been unconformably overlapped. 
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Fuller's Earth. 
The Fuller's Earth is thickest in the southern part of the 
county. At Cadbury it has been estimated to be as much as 
420 ft. (1). A borehole at Stowoll (7) and an estimate at Bruton^ 
give the following measurements : — 





Stowell Borehole. 


Bruton. 


Upper Puller'^ Earth 

Fuller's Earth Rock 

Lower Fuller's F,a,rth 


120 (part) 
35 

177 


133 
25 



Around the eastern end of the Mendip Ridge the thickness 
varies between 35 to 100 ft. South of Bath the full thickness 
has been estimated at 135 to 150 ft., but at Lansdo^n it appears 
from an old well-section to be 70 ft. (3). 

Inferior Oolite and Midford Sands. 

The Inferior Oolite Series is divided into the Inferior Oolite 
above and the Midford Sands below, but along the eastern 
borders of the Mendip Hills the Inferior Oolite overlaps the beds 
below and rests on Palajozoic rocks (3) . , , i 

Ifeaj Teovil the Inferior Oolite is 7 ft. thick and rests on the 
Midford Sands, but in the boring at Stowell the Inferior Oolite 
limestones had a thickness of 118 ft. (7). Further north, near 
Bruton, they are between 45 and 60 ft., at Nunney 80 it., and at 
Hemington 39 ft. thick. In the Bath area the measurenients give 
25 to 45 ft. The maximum thickness in the outlier of Dundry 
Hill is stated to be 85 ft. (1). 

The Midford Sands are best developed in the south of the 
county, where they are about 200 ft. thick. They thin north- 
yards) being 165 ft. near Castle Gary, only 66 ft. near Bruton, 
and absent near E.adstock. 

On Brent Knoll they are 200 ft. thick, and a thickness of 
174 ft. of them is preserved on Glastonbury Tor, 

In the neighbourhood, of Bath they vary from 40 to upwards 
of 100 ft., bein^ 100 ft. thick at Lansdown and 103 ft. at Midford. 

On Dundry Hill there is only 2 ft. of sands between the Inferior 
Oolite and the Liiassic Clays. 

LlASSIC. 

The Upper Lias of Somerset consists chiefly of clay with some 
limestones, and varies between 10 and 50 ft. in thickness. In the 
south at Ilminster it is 10 ft. thick, but on Glastonbury Tor it 
expands to 49 ft. On Dundry Hill it is only 8 ft. thick, and in 
the Bath area also it is thin, but from Batheaston eastwards it 
seems to thicken again. 

The Middle Lias consists of earthy limestones and marls, about 
8 to 12 ft. thick and known as the Marlstone, in the upper part; 
in the lower part it is made up of sandy clays. 

' De'la Beche, Mem. Geol. Surv., vol. i, 1846, p. 280. 



118 



SOMEESET. 



The total thickness near Ilminster has been estimated at 160 ft. 
and near Glastonbury at 230 ft. But further north it thins away, 
for it occurs in an attenuated form only, if at all, between 
Batcombe and the Mendip Hills, near Doulting, and on Dundry 
Hill is absent (2). 

The Lower Lias consists of limestones and clays in the lower 
parts while the higher beds are nearly all clay. It reaches its 
greatest thickness of 450 to 500 ft. in the south of the county at 
Chard. North of Ilminster and in the Polden Hills it seems to 
be slightly over 300 ft. thick (2). At Baston Bridge a boring 
proved more than 415 ft. of Lias, all of which may have been 
Lower Lias. 

On the east of the Mendip Hills the Lias is overlapped by the 
Oolites, but to the north, near Badstock, it expands rapidly 
farther away from the Mendip Ridge, and around Paulton and 
Timsbury reaches a thickness of 110 to 150 ft. (2). 

At Dundry the Lower Lias is about 440 ft. thick, but near 
Bath it is only 250 ft. To the east of Bath a boring in Wiltshire 
shows that it has thickened again to over 400 ft. 

Tkiassic and Permian. 



The Ehaetie is divided into the White Lias above and black 
shales below. In West Somerset the series is not far short of 
75 ft. in thickness, but towards the Mendip Hills it becomes 
attenuated (8). In some places near Radstock it is only 21 ft. 
thick. 

The only representative of the Trias in the northern part of 
the county is the Keuper Marl with its basal ' Dolomitic ' con- 
glomerate. It has been laid down on an undulating surface of 
the Palaeozoic rocks, and naturally varies greatly, but seldom 
exceeds 200 ft. in thickness. South of the Mendip Hills, how- 
ever, the whole assemblage of the newer red rocks attains a great 
development. The only direct evidence of their thickness is 
furnished by a boring at Puriton; at Milverton an estimate has 
been made by Mr. TJssher (9) : — 



Keuper Marl ... 
Upper Sandstones 
Pebble Beds ... 
Lower Marls ... 
Lower Sandstones 




MilVerton estimate. 



1,350 
300 
100 
200 
500 



The Lower Marls and Lower Sandstones are regarded as Per- 
mian (see Devon, p. 40). 
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Alluvium and Soil 

Chalk 

Upper Greensand and Cherts . 

Fullers Earth 

Inferior Oolite 

Midford Sands 

Lias 


.2 <-> 


Upper Ra,ndstones 

Pebble Beds 

Lower Marls and Sandstones . 
Coal Measures 
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Superficial 



Trias 



' Permian 



STAFFOEDSHIRE. 

Table of Strata. 



j Alluvium 

( River Gravel 

t Glacial Deposits 

I'Rhaetic — SKales and limestones 

iKeuner ^ ^^'^'s ' 

,' " 1 Sandstone (Waterstones) 



Upper Mottled Sandstone 

Bunter -j Pebble Beds 

1 Lower Mottled Sandstone 

Red and purple sandstones and marls 

Breccia , 

Sandstone and marl with calcareous \ 
conglomerate ...J 






Thickness in 
feet. 

0-30 

0-102 



700-1,000 
200Ht00 
300-^10 
250-380 
0-300 

170-350 
200-325 
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Superficial. 
Alluvium and Valley Gravels. 

Alluvium and valley-giavels occur in many of the' valleys and 
especially in the valley of the Trent. At Burton-on-Trent the 
old brewery-wells were sunk in the valley-gjavel and were 
generally not more than 20 ft. deep.^ 

The gravel reaches 30 ft. in thickness in a well on the east side 
of the High Street,^ and at the London and Colonial Brewery, 
40 ft. of red gravel and sand were proved resting irregularly on 
red marl.^ At another Burton well 24^ ft. of old river-gravel 
was penetrated before the Keuper Marls were reached. At a bore 
at Cheddleton the alluvium was found to be Hi ft. thick and to 
rest on Pebble Beds. 



• Sep. Brit. Assoc, for 1875, p. 119. ^ Ib. p. 119. ^ lb. for 1878, p. 
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Glacial. 

Boulder-clay, sands and gravels cover mucli of the lower 
ground and especially the outcrop of the Triassic rocks. They 
attain a thickness of over 100 ft. in places, exceptional develop- 
ments being usually found in pre-glacial river-beds which have 
been filled up with drift. At Stoke Eoad, Skelton, and in the 
central part of the South Staffordshire coal-field examples of 
such buried valleys have been met with. In the northern part 
of that coal-field the measures are almost completely concealed 
by a mantle of drift ranging up to more than 50 ft. in thickness.' 
At Smethwick borings have shown the usual variations in the 
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thickness of this cover ; 102 ft. were passed througli at the Gas- 
works, but at the Railway Carriage and Wagon Co.'s Works, 
only 34 ft. before reaching the rock. 

Tbiassic. 
Rhaetic. 
A small outlier occurs in Needwood Forest. 

Keuper and Bunter. 

These rocks occupy a basin in the central part of the county 
and fringe the North and South Staffordshire coal-fields. The 
following table shows their thicknesses on the two sides of the 
latter coal-field (4, with additions from an account of the Cos- 
ford boring published in the Brit. Assoc. Rept. for 1887, and 
from an unpublished boring at Tettenhall) : — 

West side. East side. 
Ft. Ft. 

Keunor (Marls - 1,000 700 

^ •■■ (Sandstone (Waterstone) ... 400-300 200 

f Upper Mottled Sandstone 300-510 ■) „„„ t n-n 

Bunter ... Pebble Beds 300-380 j^Wto^oU 

j^ [ Lower Mottled Sandstone 300-0 absent. 

It will be noted that the aggregate thickness is greater on the 
west than on the east side. 

The thickness of the Triassic rocks traA'ersed by various borings 
is shown in the Table on p. 124. The total has not been proved 
in any one boring, but the Smestow boring started about 200 ft. 
below the top of the Bunter and was continued to its base. The 
total thickness of Bunter at that spot is about 1,250 ft. 

The Upper Mottled Sandstone is not separable from the Pebble 
Beds around Stoke-upon-Trent, and the two together reached an 
aggregate of more than 600 ft. at Whitmore (7, p. 140). Other 
measurements are given on p. 124. 

The Lower Mottled Sandstone is absent in the Stoke-upon-Trent 
area, and the Pebble Beds rest on the TJpiDer Carboniferous rocks 
with a great unconformity. Also on the east side of the South 
Staffordshire coal-field the Lower Sandstone is absent, but on 
the west side it has been estimated to reach as much as 300 ft., 
though not always present. At the Cosford well near Wolver- 
hampton it was penetrated to 78f ft., and at the Tettenhall well 
was proved to be more than 184 ft. 

Permian. 

The separation of the Permian from the Trias has not yet been 
effected everywhere with precision. In North Staffordshire part 
•of the red rocks which intervene between the Bunter and the 
productive Coal Measures were formerly regarded as Permian ; 
■all are now included in the Carboniferous. In South Staff ord- 
•shire, though some of the so-called Permian can be definitely 
assigned to the Carboniferous, there remain some strata of which 
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the age cannot be determined on the fossil evidence as yet avail- 
able (9). These are left in the Permian system for the present. 
At Enville the following sequence is presented : — 

Red and purple sandstones and marls formerly ft. 

called ' Upper ' Permian 170-350 

Trappoid breccia ^ 

Sandstone and marl . (j^rmerly called 'Middle ' 

Calcareous conglomerate J 

The underlying strata (formerly called ' Lower ' Permian) are 
now classed as Carboniferous in accordance with the observations 
of Mr. Cantrill (3, pp. 530-533). 

The thickness of the Permian group has been estimated at 
between 500 and 625 ft. (5, Table I, p. 108), but the Streetley 
boring, below the Bunter, penetrated 1,830 ft. of marls, breccias 
and conglomerates which are younger than the Keele Beds and 
believed to be of Permian age (8). 
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SUFFOLK. 

Tabk of Strata exposed and proved in borings. 



Superficial 

Pliocene .. 

Eocene 
Cretaceous 



f Alluvium 

t Glacial Drift ... 

I Forest Bed Series 

J Norwich Crag . . . 

I Red Crag 

I Coralline Crag ... 
C London Clay 

\ Beading Beds . . . 
Upper Chalk 



Proved in borings only : — ■ 



(Upper Chalk 
Middle Chalk ... 
Cretaceous ( Lower Chalk 

Gault 

[Lower Greensand 
Faleeozoic Bocks 



Thickness in 
feet, 
up to 40 
up to 470 
11-14 
up to 166 
20-30 
50-60 
up to 170 
up to 70 



up to 556 

164 

^54 

50-73 

0-41 
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SuPEHFICIAL. 

Alluvium. 

The alluvial deposits occupy a narrow strip of low coastland 
irom Aldeburgh to Felixstowe, and also occur to a small extent 
in the valleys of the main rivers. The thickness on the Lantern 
Marshes, Orford, reaches 30 ft. (6). 

Glacial. 

Glacial deposits cover most of the county but in two areas are 
absent or not more than 30 ft. thick. One of these forms a belt 
of low ground lying to the east of a line drawn from Lowestoft 
in the north to Nayland in the south-west; the other lies on the 
Chalk plateau to the north-west of a line drawn through Botes- 
dale, Bury St. Edmunds to Lidgate, but is broken by a tongue 
■of drift running north-westwards from Rougham to near Brandon. 
There are also two small areas in which the drift is thin, one 

i2 
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Fig. 28. Supiolk. 
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near Milden and the other soutli of Needham Market to the north- 
west of Ipswich. 

On the other hand the drift is over 100 ft. thick in a large 
irregular tract, stretching from Haverhill in the west, through 
the central part of the county to Wickham Market in the east, 
except only in the two small areas of thin drift mentioned above. 
Another smaller area where the drift is more than 100 ft. thick 
stretches from Fressingfield to near Bungay. 

In some well-sinkings the solid rock has been proved to lie 
below sea-level. The most remarkable of these is the Glemsford 
boring, which showed a thickness of 470 ft. of drift, resting on 
chalk at 348 ft. below Ordnance Datum (6). 

The borings show further that in Suffolk there are channels 
of pre-glacial or glacial origin now filled with drift. 

Around Lowestoft and at several points along the coastal 
bcu'der the surface of the Crag is slightly below sea-level, but 
there is insufficient information for the tracing of any buried 
channels. 

The parts of Suffolk in which the rock-surface lies at more than 
30 ft., and more than 100 ft. below sea-level are shown on the map- 
forming Fig. 29. 
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Fig. 29. 



Map op Suffolk, showing contours in the rook-surface 
below sea-level. 




Pliocene. 

The Forest Bed Series occurs in the north-eastern part of the 
county, where it has an average thickness of 12 ft. (6). 

The Norwich Crag occupies a triangular area to the north-east 
of a line drawn from Hoxne to Aldeburgh. At Aldeburgh it is 
absent, but it thickens ■ rapidly northwards, being possibly 60 ft. 
at Hoxne, 100 ft. .at Saxmundham and 147 ft. .at Southwold (6). 

In borings the Crag is seldom divisible into its separate stages, 
but near its outcrop the Red Crag is estimated as having a thick- 
ness of 20 to 30 ft. (7), and the Coralline Crag of 50 to 60 ft. 

The greatest thickness of Crag is recorded as 194 ft. (6), from 
a boring at Oulton Broad. In the south-east of the county it is 
greatly reduced. At Shotley it is 17 ft. and at Melton 11 ft. 
thick (6). 

Eocene. 

Part of the London Clay exists in the east and south-east of 
Suffolk. Owing to the overlap of the Crag it is absent or reduced 
to about 10 ft. over all but a coastal strip some 12 miles broad. 
In this strip the London Clay thickens rapidly, being 83| ft. 
at Felixstowe (6) and 160 ft. at Lowestoft (8). The beds strike 
north and south over East Suffolk and dip eastwards at about 



128 SUITOIxK. 

1 in 420 at Saxmundham and 1 in 135 near the coast. In the 
south of the county the strike swings round to east-north-east — 
west-south-west . 

The Reading Beds are found under the London Clay in all the 
borings where the latter occurs, but in a few cases they are 
reached without any intervening London Clay. The thickness is 
more constant than that of the overlying beds and varies generally 
from 20 to 50 ft. (1), although at Lowestoft it amounts to 75 ft. (8). 

Cretaceous . 
Chalk . 

IIpj)er Chalk exists under the whole of the county. The 
highest beds of this division are probably always absent, but 
551|- ft. of Upper Chalk is recorded from Stutton (6). In this 
boring a thickness of 178|- ft. was assigned to the Middle Chalk, 
but in the three other deej) borings quoted in the following table 
no separation of Middle from Upper Chalk was possible. Thp 
Lower Chalk is 158^ ft. thick at Stutton and 143 at Culford 
{Quart. Journ. Geol. Soc, vol. 1, 1894, p. 495). 

The total thickness of the Chalk is given bv two borings only, 
namely, Stutton, 874 ft., and Lowestoft, 1,050 ft. (8). 

The surface of the Chalk in the south of the countj* slopes to 
the east-south-east, but north of a line from Needham Market to 
Aldeburgh it swings round an easterly slope. Inland the slope is 
scarcely perceptible, but near the coast it steepens to 1 in 50. 

Gault. 

The Gault is remarkably thin, being 50 ft. at Stutton, 73 -fi . 
at Culford (6), and 56 ft. thick (including 11 ft. of Upper Green- 
sand) at Lowestoft (8). 

Lower Greensand. 

The Lower Greensand is absent at Stutton, but was proved to 
be 32i ft. thick at Culford (6), and 41 ft. at Lowestoft (8). In 
these three borings Lower Palaeozoic rocks were reached. 
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SURREY AND SUSSEX. 

Table of Strata exposed and "proved in borings. 



Superficial 



Pliocene 



Eocene 



Cretaceous ( 



Oolitic 



r Blown Sand, Shingle, Alluvium 

] Baised Beach, Valley Gravel, C3ay with 

\ Flints 

I Plateau GraVel. Coombe Bock 

Lenham. Beds 

Baiton, Bracklesham and Bagshot 

Beds 

London Clay 

Blackheath Beds 

Woolwich and Reading Beds 

Thanet Sand 

Chalk (Upper, Middle and Lower) 

gP^-^^^'^^^^^^^ISelbornian 

■§ r Folkestone Beds 

|g J Sandgate Beds 

3i ) HytheBeds 

S I Atherfield Clay 

Weald Clay 

Tunbridge Wells Sand with the ' 

Grinstead Clay 

Wadhurst Clay ... 

Ashdown Beds or Sand with the 
Pairlight Clay 

Purbeok Beds 



Thickness in 
feet. 



seen to 12 

up to 450 
about 200 

0-40 
30 to over 100 

0-35 

530 to over 1,200 
217-403 



0^90 
0-1,000 

up to about 1,100 



Proved in borings only : — 

( Portland Beds 

Oolitic ... J Kimmeridge Clay 

I Corallian Beds 

[ Oxford Clay 

Palaeozoic Bocks 

Atjthoeities. 

1. Geology of London Basin, Mem. Oeol. Surv., Vol. iv, 1872. 

2. Geology of the Weald, ib., 1875. 

3. Gteology of London, &c., ib., Vols, i and ii, 1889. 

4. Cretaceous Rocks of Britain, ib., Vol. i, 1900. 

5. „ „ ib., vol. ii, 1903. 

6. „ „ ib., vol. iii, 1904. 

7. Jurassic Rocks of Britain, ib., vol. v, 1895. 

8. Geology of the London District, ib., 1909. 

9. Geology of the Country around Bognor, ib., 1897. 

10. „ „ Eastbourne, ib., 1898. 

11. „ . „ Chichester, ib., 1903. 

12. Water Supply of Sussex, t6., 1899. 

13. „ „ „ (Supplement), 1911. 

14. „ „ Surrey, ib., 1912. 



up to 466 



up to 141 

up to 1,290 ? 

up to 222 ? 

proved to 120 
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SURREY AND SUSSEX. 
SurEKFICIAL. 



The only superficial deposit deserving special mention is the 
' Coombe Eock ' of Sussex. This is a ' faintly-stratified deposit 
of unworn or shattered flints mixed with Chalk, which occupies 
the lower part of the valleys in the Downs and spreads out in a 
wide sheet over the niaritime plain ' (11). At Birling Gap an 
excellent section showed Coombe Eock fully 30 ft. thick (10), 
but its thickness, like that of the other superficial deposits, is 
extremely variable. 




Pliocene. 

The Lenham Beds which occur in small patches on the Chalk 
of Surrey, ftt Steadley, east of Guildford, and at Chipstead, south 
of Croydon, consist of patches of yellow sand 5 to 12 ft. thick 
with a few flint-pebbles, and ferruginous, or occasionally glau- 
conitic, grit with casts of fossils (8). 
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Eocene. 
Barton, BracMesham and BagsKot Series. ' 

In Surrey the Barton Beds, shown on the Old Series Gsblbgical 
Map, Sheet 8, as 'Upper Bagshot Sand,' form a niimbei of out- 
liers, in none of which is their full thickness represented. 

The BracMesham Beds under these outliers, where alone they 
are fully present, consist of loams, laminated clays and green 
sands, with lignite and ironstone. They vary in thickness from 
40 to 50 up to 65 ft. In the Brookwood boring they attained 
65 ft., and in the Ottersliaw boring may have been 89 ft. in 
thickness, but this is exceptional and the record seems to require 
confirmation. 

The Bagshot Beds, or the ' Lower Bagshot Sand ' of Sheet 8, 
are composed of white and crimson sands with occasional beds 
of loam and clay, and local developments of pebble-gravel. The 
thickness probably seldom exceeds 120 ft. In the Ottershaw 
boring 124 ft. are assigned to the Bagshot Beds, on. the supposi- 
tion that the Bracklesham Beds were 89 ft. thick. -^ 

A well at Bagshot reached, below 9 ft. of gravel, what was 
judged to be the top of the London Clay at a depth of 454 ft. and 
was carried a further depth of 192 ft. in the clay (14). 

In Sussex the Bagshot Sands are thin and inseparable from 
the Bracklesham Series. A boring at Selsey starting in the 
latter reached the London Clay at 360 ft. and proved the 
Bracklesham Series to consist of green and black sands and clays. 
Their total thickness is estimated to be 500 or 600 ft. (12). 

London Clay. 

In Surrey the London Clay varies in thickness from 400 ft. 
(Chobham) to 371 ft. (Brookwood) and 336 ft. (Ottershaw).i At 
Cobham between undoubted London Clay and undoubted Reading 
Beds there occurred 100 ft. of ' coloured grey clay,' somewhere 
within which presumably lies the junction of the two formations. 

In Sussex the full thickness of London Clay and Heading Beds 
was proved at Hunston to be 233 ft. (12), of which presumably 
about 70 or 80 ft. may be assigned to the Reading Beds. At 
Eastergate the thickness of the London Clay was proved to be 
more than 208 ft. (12), and at Merston more than 292| ft. 

Blachheaih Beds. 

These sands and pebble-beds, which are developed in north- 
western Kent, are known to occur in the north-eastern part only 
of Surrey. They may be seen at Croham Surst, the Addington 
Hills, and other spots near Croydon. In wells at the lastruamed 
place they vary from 12 to 37 ft. in thickness. At Cater ham a 
deep pipe in the Chalk, filled with Blackheath pebble-beds, was 
encountered. 

W oolwich and Reading Beds and Thanet Sand. 

In Surrey the Woolwich and Reading Beds comprise white or 
crimson sands and mottled clays, mostly of a bright colour. They 

' ' The Country around Windsor and Chertsey,' Mem. Geol. Surv., 1915, p. 112. 
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contain also pebble-beds and some lignite. At their base is a 
greenish sand with worn or unworn flints. The Thanet Sand is 
not recognisable in western Surrey and is seldom easy to define 
precisely in borings in the central and eastern parts of the county. 

Near Egham, Chertsey, Chobham, Frimley and Woking, the 
strata between the London Clay and the Chalk are all assigned 
to the Woolwich and Reading Beds, and vary in thickness from 
68 ft. (Frimley) to 104 ft. (Chertsey). At Kingston, Putney, 
Mortlake, Lambeth and Battersea, the thickness ranges from 
73 to 108 ft., in which are included 30 to 30 ft. of Thanet Sand. 
At Norwood an aggregate thickness of 71 to 97 ft. includes 29 
to 38 ft. of Thanet Sand. 

In Sussex the Woolwich and Reading Beds are mainly clays. 
At Chichester, in a, brewery well, there were 97 ft. of mottled 
clays belonging to this series ; at Eastergate, 109 ft. 6 ins. ; at 
Fishbourne (a mile west of Chichester Cathedral), 106|- ft.?; at 
Merston (Bognor Waterworks), 99'ft. 6 ins.; at Pagham, 104 ft.; 
at Walberton, 148 ft.?; and at Worthing, 102 ft. (12). 

Cketaceous . 
CJialk. 

In Surrey the total thickness of the Chalk is shown in the 
Table following p. 134 as 646 ft. by the Ottershaw boring,^ near 
Chertsey, 670 ft. by the Richmond boring, 623 ft. by the 
Streatham Common boring, and 817| ft. by the East Horsley 
boring (14). The Chalk Rock, which forms the base of the 
Upper Chalk, is not well developed, but the Melbourn Rock at 
the base of the Middle Chalk occurs in characteristic nodular 
form, with a thickness of about 8 to 12 ft. 

In Sussex the whole of the Chalk is traversed by a boring at 
Chichester. The thickness was ascertained to be 790 ft., of which 
604 ft. was believed to consist of Upper and Middle Chalk (12). 
At East Lavant the total thickness bored through was more than 
1,012 ft., of which 597| ft. were attributable to Upper Chalk, 
212i- ft. to Middle Chalk, and 202 ft. to Lower Chalk. The boring 
started about 200 ft. below the top of the Chalk. The thickness 
of the Upper Chalk therefore must be about 800 ft., and that of 
the whole formation about 1,212 ft. 

At Telscombe, near Brighton, a boring started a little below 
the top of the Chalk and proved Upper Chalk, 418 ft. ; Middle 
Chalk, 212 ft. ; Lower Chalk (including possibly some of the 
Upper Greensand), 328 ft. The total thickness is thus about 
958 ft., which is a probable amount, but the proportion assigned 
to the Lower Chalk seems excessive. 

The variations in the thickness of the Upper Chalk are largely 
due to pre-Tertiary denudation, but there is, apart from this, 
a general thickening from north to south through Surrey and 
Sussex. 

Uffer Greensand and Gault (Selbornian). 

The Selbornian rises from beneath the Chalk in a narrow out- 
crop at the foot of the North Downs. The Upper Greensand, with 
a thickness of 16 to 35 ft., passes down into a sandy marl and so 

'■ ' The Country around Windsor and Chertsey,' Mem. Geol Siirv., 1915, p. 112. 
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into the stiff clay which constitutes the Gault. It contains an 
abundance of grains of glauconite and varies in character from 
sand to calcareous sandstone. 

In Surrey the greatest thickness of Gault yet met with 
amounted to 343 ft., and was proved at Caterham, and the total 
thickness of Selbornian was there 377| ft. as compared with 
278 ft. at Ottershaw.^ At Richmond and Streatham the Sel- 
bornian was only 217 ft. thick. 

In Sussex, at Beddingham, near Lewes, a boring starting in 
the Upper Greensand passed" through 28 ft. of that formation, 
310 ft. of Gault Clay, and 6 ft. of Lower Greensand. Another at 
West Firle, 4^ miles south-east of Lewes, proved the Gault to 
be not less than 327 ft. thick. At Eastbourne one boring only 
has traversed the whole of the Upper Greensand, with the result 
of proving that it is 47 ft. thick and that the Gault is not less 
than 261 ft. thick (13). In another case the thickness of undoubted 
Gault was ascertained to be 286 ft., but there is a doubt whether 
some of the underlying strata' should not also have been included 
in the Gault. At Teiscombe the thickness of Upper Greensand 
and Gault was respectively 10 ft. and 312 ft. At Chichester the 
Upper Greensand was proved to bo not less than 84 ft. thick. The 
greatest thicknesses of Gault were found at West Firle (327 ft.) 
and at Jevington (345 ft.), in both cases the top being absent. 

It would appear from these figures that the average thick- 
nesses of the Selbornian in Sussex vary as follows. The thickness 
of Gault in West Susse-s is not known, but is inferred from a 
comparison of the measurements in Mid-Sussex and Hampshire : — 



West Sussex. 



Upper Greensand ... 

Gault 

Total of Selbornian 



Feet. 

not less than 84. 

250 (supposed) 

about 300 



Mid-Sussex. 



Feet. 

10 

312-327 

332 



East Sussex. 



Feet. 

28^7 
310-286 
338-333 



Lower Greensand. 

In Surrey this formation is absent in the north-eastern part, 
as for example at Streatham, but is present in an attenuated form 
at Richmond and Chertsey, and has been found also at Slough 
in Buckinghamshire. Southwards it expands and includes the 
following subdivisions in descending order (2 and 14) : — ■ 





West Surrey. 


East Surrey. 




Feet. 


Feet. 


Folkestone Beds, essentially a sand-forma- 






tioHi; loose and coarse in grain 


120 to nearly 300 


100 


Sandgate Beds, fine-grained sand and clay... 


not 
distinguishable. 


40 


Hythe Beds, sand, sandstone and chert, 






calcareous beds in the upper part 


200-300 


152-180 


Atherfield Clay 


60 


30 



' ' The Country around Windsor and Chertsey,' Mem. Geol: Hurv., 1916, p. 112. 
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A boring near Reigate traversed 297 ft. of sand witli but little 
clay. There was nothing, to distinguish the strata from Folkestone 
Beds, but it was presumed tkat the. boring touched a lower sub- 
division. The same remark applies to, strata recently proved at 
Kingseote Mill^ near Dorking, where a boring starting in yellow, 
red and white sands did not, reach their base at a depth of 300 ft. 
Near Re.igg,te the Atherfield Clay was proved to be 55 ft. thick (2 
and 14). At Oxted the Sandgate Beds, as supposed, were 30J ft. 
'thick and the Hythe Beds 152^- ft. (14). At Tatsfield the 
Folkestone Beds were 211 ft. and the Sandgate Beds, as supposed, 
6| ft. thick (14), but the base of the Folkestone Beds could not be 
fixed precisely, and it would be safer to say that the, Foltkestone 
and Sandgate Beds together were 217| ft. thick. 

In Sussex the Lower Greensand is sometimes absent or doubt- 
fully represented, as for example at Eastbourne Waterworks and 
at Jevington (12). In its absence the Gault.'rests on Weald Clay. 
At West Firle, near Lewes, the Lower Greensand is 12 ft. thick, 
and thence expands rapidly westwards. In Mid-Sussex, at 
Henfield, a boring proved Folkestone Beds (top absent) 57 ft., 
Sandgate Beds, 126 ft., and touched what may have been Hythe 
Beds (12 and, 13). In West Sussex the greatest thicknesses 
attained are estimated to be: — Folkestone Beds, about 140 ft.; 
Sandgate Beds, 100 ft.; and Hythe Beds, 200 ft. (12, p. 4). A 
boring at Petworth House shows the thickness of the Atherfield 
Clay there to be 50 ft. Thus the thickness of the Lower Green- 
sand as a wjioie in West Sussex is about 490 ft. 



Wealden Beds. 
This formation includes : — 



Feet. 



Weald Clay, brown or blue clay or shale and stone- 
bands, with mottled clays and subordinate sand- 
beds ... 1,000 

I Tunbridge Wells Sand (with Cuokfield 

„ ^. Clay and Grmstead Clay) 160-380 

Hastings Wadhurst Clay 136^227 

^^°^- Ashdown Sand ... . 74^293 

t Farrlight Clay, upwards of 388 

, In Surrey the Wealden. Beds are absent towards the north as 
shown by the borings at Richmond and Streatham., but they 
come in southwards with rapidly increasing thickness. The 
greatest thickness proved in a boring was met with atDunsfdld. 

Of the 1,201 ft. there traversed 900 ft. at least may be assigned 
to the Weald Clay, and the remainder with some doubt to ' the 
Hastings Beds, The thickness of the Weald Clay had previously 
been estimated to lie between 900 to 1,000 ft. near Leith Hill, 
but to diminish thence both eastwards and westwards (2). 

A small part only of the outcrop of the Hasting,s Beds falls 
within Surrey. The various ' subdivisions into whic|i itIi^„group 
of atrataiis separable in Sussex are often difficult to recognise in 
borings, but .the following figures may be quoted (14). At Ling- 
field a boring passed throuj^h 60 ft. of Tunbridge Wells Saiid, 
34 ft.of Grinstetid Clay and 55 ft. of clay,' shale tod' roOk,, .^^ear 
Reigate a boring passed through 553 ft. of Weald Clay and was 
■ earri-^d for a further 357 ft. in Hastings Beds. , , ~ ' , ' '" 



Barton Beds (Upper Bagshot Sand) 
Brackle^ham Beds 
Bagshot Sand ... 

London Clay 

S Blackheath Beds 

m Reading Beds ... 

e' Thanet Sand 

r I Upper 

i Chalk... ; Middle 

'^^ I Lower 

S Upper Greensand 

Gault 

Lower Greensand 

ITT 1 1 ( Weald Clay 

Wealden...|jj^^^^^g^j|^^^ ... 

Purbcck Beds ... 
Portland Beds ... 

Kimmeridge Clay 

Corallian 

Oxford Clay 

Great Oolite Series 
Palaeozoic 



SOME BORINGS IN SURREY AND SUSSEX. 
(Thicknesses in feet.) 
SURREY. 



















■-* 










13 




c3 t^ 


c 


Id 


a 




o ,^ 
P W) 








-S 2 




o 






ters 
erts 


S 

J3 


1 




j3 


^3 




OO 


S 


15 


j3 

O 


m 


mS 



.'9 ? 
124? 

336 
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, 6461 

278 
to 12 



160 (part) 153 (part) 



59.\ 

22i , 

300" 

150 (about) 

220 (about)! 

16 

201i 

lo' 



? 43i 
35 

221 J 
219 
182-1 
28i 
188 J 



100 (part) 
40 

100 
(or more) 

400 

50 
to 150 



445 



o 192 



3 (part) 

65 

105 J 

371 

89J 
to 250 



80 (part) 
4622 

] - 

to 66 



87^ 
to 207i 



38i 
to 151 
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817^ 

to 6 
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34.1 
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to 30 
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1()5| 
1290? 
222 ? 
to 120 ? 



SUSSEX. 



345 (part) 

466 

141 

to 1114 



■^ a 









3"^ 

> -s 

1-1 J 



wa 



418 
212 
3281 
10 
312 
to 5 



60 (part) 
97 

I 604 

186 

to 84 



I 1012 
( (part) 



1 'Coun ry around Windsor and Chertsey ' [Mem. Geol. Surv.). 
3 Occupying a deep pipe in the Chalk. 



■i Including 100 feet of coloured grey clay, part of which may be Reading Bed-'. 
4. Probably including some Upper Greensand. 
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In Sussex tte Weald Clay has been proved to exceed '200 ft. in 
thickness at Eastbourne and 376 ft. at Keymer (12). 

The Tunbridge Wells Sand with the Cuckfield and Grinstead 
» Clays have a combined thickness varying from about 160 ft. in 
the east to 380 ft. near Cuckfield (2). The Wadhurst Clay is 
known to be 136 ft. thick at Catsfield, 180 ft. at Uckfield, and 
227 ft. at Cuckfield (12). The Ashdown Sand has been proved 
to be 74 ft. 8 ins. thick at Fairlight, and 293 ft. 6 ins. at Horsted 
Keynes. The greatest thickness proved of the Fairlight Clay is 
388 ft. 3 ins., at Hastings Waterworks, where, however, its base 
was not reached. The total of the above maximum thicknesses 
of the subdivisions amounts to 1,288 ft. 9 ins. Should the Fair- 
light Clay (unlike the higher beds) decrease in thickness west- 
ward the total thickness of the Hastings Beds in Sussex is not. 
likely to be less, on the average, than 1,100 ft. or thereabouts. 

- Oolitic. 

In Surrey strata of Oolitic age have been proved to exist by 
the borings at Richmond and Streatham Common. Northwards, 
in Middlesex and Buckinghamshire, they are known to be absent; 
but, on the other hand, southwards in Sussex and eastwards in 
Kent they attain a considerable deveilopment. 

At Richmond the Oolitic strata were 87J ft. thick .and were 
all assigned to the Great Oolite Series ; those at Streatham were 
38 J ft. thick and were assigned with doubt to the Forest Marble 
subdivision of the same series. Beyond the general probability 
that the Jurassic rocks are likely to be present, nothing Can be 
said at present with regard to their development under the 
southern part of Surrey. 

In Sussex the Purbeck Beds crpp out in a small area near 
Brightling and Battle. They were proved in a boring near Battle 
to be 466 ft. thick, under 345. ft. of Hastings Beds. A previous 
boring at Mountfield, usually known as the Sub-Wealden 
Exploration, had started in the Purbeck Beds and had been 
carried down into the Oxford Clay as shown in the preceding 
Table. 
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Table of Strata. 



^'^p-fi-i {^'s^r.. 



Oolitic 



Liaasic 



Triassic 



f Great Oolite Series 

t Inferior Oolite Series 

Upper Lias 

Middle Lias 

Lower Lias 

Rhaetic 

is jMarl 

W* (Sandstone 

S ( Upper Mottled Sandstone 

I Pebble Beds 

M \ Lower Mottled Sandstone 



Thickness in 
feet, 
to 20 
to 130 

to 100 
to 180 

100-120 

250-280 

960 

30-50 
600-1,000 
up to 400 
to 215 
to 350 



Palaeozoic and older rocks — 

Authorities. 

1. Jurassic Rocks of Britain, JIfem. Geol. jSurv., Vol. iii, 1863. 

2. „ „ MerA. Geol. Surv., vol. iv, 1804. 

3. H. B. Woodward. Victoria History of the Counties of England, Wor- 

cestershire, 1901. 

4. T. C. Cantrill, ib., Warwickshire, 1&04. 

5. C. A. Matley, QiidH. Journ. Geol. Soc., vol. IxViii, 1912, p. 252. 

Superficial. 

AlluviuTu. 

Alluvial deposits occupy jio great part of Warwickshire or 
Worcestershire and do not appear to exceed 20 ft. in thickness 
(3, 4). 

Glacial. 

The Glacial beds are best developed in the northern parts of 
the counties and arouUd Rugby (1), where they are, in places, 
over 100 ft-, thick (Table, p. 139). Generally, however, they do 
not exceed 50 ft. Over large areas the solid rocks form, or are 
near, the surface. 

Oolitic. 

The highest of the Mesozoic strata existing in these counties 
is a small outlier of the Great Oolite Series in a detached part 
of Worcestershire, near Daylesford. 

The Inferior Oolite Series consists of clays, sands and oolitic 
limestones and has an estimated maximum thickness of 180 ft. 
(3, 4). 

LlASSIC. 

The Upper Lias occupies small areas in the south-east of the 
counties, where its thickness is estimated as being between 100 
and 120 ft. (3, 4). It ' is for the most part a clay formation, 
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having occasional nodules of limestone. A few more persistent 
bands of limestone occur at the base, and these are associated with 
about 20 ft. of paper shales which are slightly bituminous.' (3). 

The Middle Lias has also a narrow outcrop and is from. 250 to 
280 ft. thick (3, 4). 

' It is a somewhat variable formation, . . . the lower part 
comprising micaceous loams, clays and sands, while the upper 
part is a rock bed of ferruginous and sandy limestone, sometimes 
termed the Marlstone, . . . which is 8 or 10 ft. thick' (3). 

The Lower Lias ' consists of a group of argillaceous limestones, 
overlain by a thick mass of blue and grey clays with only occa- 
sional bands of limestone' (3). It is found in the south and 
south-east of the counties from Rugby to Stratford-on-Avon and 
in the ground between Worcester, Droitwich and Alcester. 

In Gloucestershire, near the border, tbe Mickleton boring (see 
p. 62) proved 961 ft. of clays and limestones, and this probably 
represents the average thickness of the Lower Lias of Warwick- 
shire and Worcestershire (1, 3). 



138 



WAllWICKSHIUE AIS'D WOKCESTEllSHIRE. 



Trias SIC. 
Rhaetic. 

The Rhaetic Beds consist of limestones, clays and black shales 
and are about 30 ft. thick (3). Some estimates range up to 50 ft., 
but these probably include some of the green uppermost beds of 
the Keuper Marl (4). 

Kewper. 

The Keuper Marl varies from about 600 to 1,000 ft. in thick- 
ness (3, 4). At Moxhull a boring is reported to have traversed 
700 ft. of the marl without reaching the base. At Rugby 
Rhaetic Beds were reached at a depth of 468 ft. (1), and the 
base of the Keuper Marl at 1,140 ft. The combined thickness 
of the Rhaetic and Keuper Marl was therefore 672 ft., of which 
not less than 10 ft. may be assigned to the Rhaetic. At King's 
Heath (p. 139) the thickness of the marls exceeds 611 ft. (J. 
Harrison, Genl. Mag., 1886, p. 453), and at Stoke Prior Salt 
Woi-ks a shaft commencing below the top of the marls proved 
460 ft. of them without reaching their base (R. I. Murchison, 
'Silurian Svstem,' p. 31). 

About 100 to 120 ft. below the top of the Marls there are 30 ft. 
of coarse grey sandstones and bluish-green shales known as the 
Upper Keuper or Arden Sandstones (5). 

The Lower Keuper Sandstone is one of the chief water-bearing 
strata of the district, and is known to exceed a thickness of 
300 ft. at Bromsgrove and 250 ft. at Strettdn Baskerville. Further 
to the south-east it is less well developed, and in places, as on the 
east of the Warwickshire inlier of Palaeozoic Rocks, it is over- 
lapped by the Keuper Marl. 

Bunter. 

The Bunter, also a notable source of underground water, attains 
its greatest development in the north-western parts of the counties, 
and is believed to be absent south-east of a line drawn a little 
south of Stourport, Bromsgrove and Birmingham to Tamworth. 

A well at Ansell's Brewery, Aston, starting in Keuper Sand- 
stone, reached the top of the Bunter at 192 ft. and the ba«e at 
435 ft., showing the thickness to be 243 ft., but at Burcot, N.E. 
of Bromsgrove, in a, well ^lihich started in Bunter, the depth to 
the base was upwards of 400 ft. 

The Upper Mottled Sandstone lias a thickness of more than 
215 ft. at Bromsgrove and the Pebble Beds are estimated to be 
350 ft. (4). 

The Lower Mottled Sandstone has been estimated to be 650 ft. 
thick, at Bridgnorth (Shropshire), ^ but thins out south of Stour- 
port. 



' 'The Triassic and Permian Rocks . . . ,' Mtm. Geol. Surv., 1869, p. 32. 
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WILTSHIRE. 

Table of Strata exposed and proved in I orings. 



Superficial Alluvium, Valley Gravels, &o. 



Eocene 



Cretaceous 



Oolitic 



("Lower Bagshot Sands 
< London Clay 
(.Reading Beds ... 

Upper Chalk 
Middle Chalk ... 
Lower Chalk ... 
( Upper Greensand 

Gault 

Lower Greensand 
Wealden 

'Purbeck Beds ... 
Portland Beds ..; 
Kimmeridge Clay 
Corallian , 
Oxford Clay 
Kellaways Beds 
Combrash 
Forest Marble ... 
Great Oolite 
Fullonian 

Inferior OoUte ... j 
Midford Sandr ... 



r Upper 

Liassic ... < Middle 

(. Lower 



Proved in borings only : 



Triaasic ... Bhaetic 
Palaeozoic Rocks 



Thickness in 

feet. 

to 20 

50 (top not 
0-150 
16-66 



200-790 

80-150 

180-250 

50-160 ") 150- 

70-90 J 250 

O40 

0-30 

0-85 
0-105 
0-450 
0-120 
500 
10-60 
15-20 
50-100 
to 160 
65-150 
25^0 
40-100 



450 



34 



AUTHOBITIES. 

1. Geology of Parts of Wilts and Gloucestershire, Mem. Oeol. Surv., 1858. 

2. Geology of the London Basin, ib., vol. iv, 1872. 

3. Woodward, H. B. On a Well-sinking made by the Great Western Railway 

Company at Swindon, Quart. Joum. Oeol. Soc, Vol. xlii, 1886, pp. 287-308. 

4. The Juraasic Rooks of Britain, Mem. Geol. Surv., vol. iii, 1893. 
6. „ „ ib. Vol. iv, 1894. 

6. „ „ ib. vol. V, 1896. 

7. Geology of the Country round Salisbury, tb., 1903. 

8. „ » Devizes, ib., 1905. 

9. „ „ Hungerford and Newbury, ib., 1907. 

10. The Cretaceous Rooks of Britain, ib.. Vol. i, 1900. 

11. „ „ ib.. Vol. ii, 1903. 

12. „ „ ib., vol. iii, 1904. 
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SiJi^iBafe'lciAL. i.i: .. 

AlliiviUTlh, etc. ' "■■'-'' ' 

The Superficial Deposits reach no great thickness. Near Salis.- 
bury, at Wadden Farm, the valley-gravels proved to be 20 ft., 
and in a well at Chippenham town, 18 ft. thick. 



Fig'. 32. AViltshiu 




BOCEIP!;. 
BagshotBeds. 
The Bagshot Beds occiir in the So,trth-east, between Aldertury 
■and West Grimstiead, and, as smaH oirtliers, in the Hnngerford. 
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district. Nowhere is the full development reached, and over most 
of the area the thickness is inconsiderable ; near Alderbury it has 
been estimated at 50 ft, (7). 

London Clay. 
The thickness of the London Clay is greatest in the south-east, 
near Alderbury, where it is given as 150 ft. (7) . Further north, 
the Hungerford outliers indicate either a rapid attenuation in a 
north-westerly direction or else the replacement of the clay by 
sands of Bagshot type. Thus at Kirby House (Berks) the clay 
proved to be 46 ft. thick (9), near the Bedwyns 12 or 15 ft. (2), 
and at Leigh Hill it is represented only by a few inches of black 
flint-pebbles. At Chisbury Camp the London Clay is absent and 
sands of Bagshot type rest directly on Heading Beds (9). 

Reading Beds. 

A thickness of 50 ft. has been assigned to the Reading Beds 
near Alderbury (7), and over the greater part of the Hungerford 
area it is stated to vary between 60 and 80 ft. (9). Near the 
Bedwyns, however, it falls to 12 to 15 ft., indicating an attenua- 
tion analogous to that noted in the London Clay. 

Ceetaceous. 
Chalk. 

As the plane on which the Lower Tertiary Beds were deposited 
cuts across the gently dipping Chalk, it reaches a lower horizon 
in the north-west than in the south-east. Consequently the 
highest zones of the Chalk occur only in the Salisbury district 
bordering the Eocene Area. Here the thicknesses of the zones of 
the Upper Chalk are given as follows (7) : — 

Feet. 
Zone of Bdemnitella mucronata 70-80 



Actinocamax quadratus 

Marsupites 

Micraster coranguinum 

Micraster praecursor and Holaater planus 



170 

230 

230-250 

70 



making a total of about 790 ft. But over most of the eastern part 
of Salisbury Plain no greater thickness than 550 ft. is developed 
(8), and on the south side of the Yale of Pewsey, where no zone 
occurs higher than that of Micraster corangvinum, it falls to 
200 ft. On the north side of the vale the thickness below the 
Eocene cannot be more tliaa 300 ft. (12). 

The Middle Chalk is thinnest in the southern and western parts 
of the county. Near Monkton Deverill, at Lower Pertwood Farm, 
a boring showed it to be only 80 ft., and at Westbury and War- 
minster it has been estimated at 90 ft. At Warminster, a section 
in Arn Hill Quarry shows thicknesses of 48^ ft. for the Terehra- 
tulind Zone and 31 ft. for the Rhynchonella cuvieri Zone, exclud- 
ing the Melbourn Rock. Northwards the sub-division thickens 
from 100 ft. at Devizes to 140 ft. at Swindon, and in the south- 
eastern part of the Vale of Pewsey reaches 140 to 150 ft. (11). 

The Lower Chalk thickens northwards in a like manner; at 
Shaftesbury it is 180 ft. thick, increasing to 200 ft. in the Vale 
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of Wardour and to 250 ft. at Warminster. In the Devizes district 
it has been estimated at 250 ft., of which 170 ft. may belong to 
the Ammonites varians Zone and 80 ft. to that of Holaster suh- 
globosuH (8). At the boring at Pond raiiu, Easterton, the 
probable thickness is 253 ft. 

Upper Greensand and Gault. 

The Upper Greensand varies irregularly in thickness. Thus, 
in the Vale of Wardour and at Warminster it is estimated at 150 
to 160 ft., decreasing to 80 or 90 ft. at Westbury, to thicken to 
150 ft. at Devizes, while at Pond Farm, Easterton, a boring 
proved it to be 165 ft. thick. ^Northwards it again decreases till 
at Calne it is only 50 to 70 ft. (10). The variations in the relative 
thicknesses of Gaiilt and Upper Greenland are largely due to the 
fact that the one gradiiates into the other and that it is not 
possible to draw a lithological boundary between them at a 
constant horizon. 

The lower part of the Selbornian, the Gault, has a uniform 
thickness of 70 to 90 ft. over the greater part of the county. In 
the north-east, however, it must expand considerably, in view of 
the fact that it is 229 ft. thick in the Wantage district in Berk- 
shire. 

Lower Greensand. 

Resting unconformably on the Jurassic rocks and itself over- 
lapped by the Gault, this formation is of variable thickness and 
is frequently absent. In the Vale of Wardour, at Din ton,, a well 
proved it to be 26|- ft. (7), and from this point it thins out west- 
wards to disappear at Fonthill Abbey; on the south side of the 
vale it attains a thickness of 30 ft. at Totterdale. Northwards it 
is absent' as far as Devizes, but there reaches 40 ft. as a probable 
maximum. In the Wootton Bassett district, at Broad Binton, 
a boring proved it to be 23 ft. thick, and at Swindon it has been 
estimated at 25 ft. 

Wealden. 

Clays and marls of this age occur but only in the Vale of 
Wardour, in the neighboiirhood of Dinton and Sutton Mande- 
ville, where their maximimi thickness cannot exceed 30 ft. (7). 

Oolitic. 
Purhech Beds. 

The Purbeck Beds are met with in the Yule of Wardour and 
in a small outlier near Swindon. Elsewhere their outcrop is 
hidden by the overlapping Cretaceous, but they may be anticipated 
to exist beneath Market Lavington, Pewsey, and the Marlborough 
Downs. They are represented in the Vale of Wardour by marls 
and limestones with a thickness estimated at 85 ft. (6). 

Portland Beds. 

The Portland Beds occur as disconnected outcrops in the Vale 
of Wardour, south of Devizes and again at Swindon, where, from 
their absence in a boring at Burderop (6) it is deducted that they 
occur as an outlier, the southern margin of which is concealed 
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by the Cretaceous. In the Vale of Wardour they are capable 
of division into an upjier group of limestone and a lower group 
of sands and clays, the thicknesses (at Chilmark) being 67 ft. and 
38 ft. respectively. In the Swindon outlier, owing to an uncon- 
formable overlap by the Purbeck Beds, the Portland sequence 
is not complete. It is believed to attain a thickiiess of 86 ft. 
6 ins. (6). 

Kirnmeridge Clay. 

In the Swindon district the thickness of the Kilnmeridge Clay 
has been estimated at 300 ft. (6), and at Toot Hill, between there 
and Wootton Bassett, a well 'starting in the clay reached the 
Corallian at 240 ft. Near Devizes, the full development is pro- 
bably reached east of Coulston, but at Seend only the lower part 
of the Kimmeridge Clay occurs, the upper beds having been over- 
lapped by the Creteceous. A' well recently sunk at Marston was 
commenced about 30 ft. below the top of the Kimmeridge Clay 
and did not reach the base at a depth of 412 ft. A thickness 
of 450 ft. may be assigned provisionally to the Kimmeridge Clay 
of this locality. 

Corallian. 

The Corallian Beds are thickest on the Dorset borders (120 ft.), 
whence they thin in a northerly direction. At Westbury they 
have been estimated at 116 ft. and at Calne 80 ft., hut in 
the Swindon boring only 40 ft; were encountered, while at 
Wootton Bassett this thickness dwindles to 33 ft., and in Eod- 
hourn Lane to 27 ft. (6). In the High-vPorth district a well at 
Reddown showed the full thickness to be; 79 ft. (Table). 

Oxford Clay with Kellaways Beds. 

The Oxfordian of this county comprises the Oxford Clay and 
a lower group of sandy clays, sandstones and rubbly limestones, 
known as the Kellaways Beds. The thickness of the Oxford Clay 
is about 500 ft. over most of the county, and in the Swindon 
boring, quoted in the Table, was proved to be 510 ft. 7 in. (6). 
At Foxham, near Chippenham, it was penetrated to 420 ft. 
without the base being reached. 

The Kellaways Beds are thickest in the north, where, at 
Swindon, they proved to be 62 ft. 2 in. thick. At Chippenham 
they vary between 42 ft. and 60 ft., aad near Trowbridge between 
10 ft. and 12 ft. (6). 

Cornhrash. 

This formation varies between 15 ft. and 20 ft. in thickness ; 
at Melksham Spa in proved to be 20 ft. and at Swindon 18 ft. 
3 ins. (5). 

Forest. Marble. 

The Forest Marble (including Bradford Clay) shows a pro- 
gressive thinning to the north-east. South of Bradford-on-Avon 
it is from 60 to 100 ft., diminishing to 60 ft. between Corsham 
and Malmesbury and to 56 ft. 5 ins. at Chippenham (Mr. Brother- 
hood's well). The Swindon boring terminated, after penetratjng- 
33 ft. of the Forest Marble, in what appeared from the fossils 
to be Bradford Clay (5) . , 
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The Bradford Clay is a band of variable thickness, often 
absent, as in the case of Monkton Fa;-leigh. South of Bradford it 
is 10 ft., thinning to 6 ft. at Corsham and from 2 to 6 ft. in the 
tract between that place and Malnaesbury (5). 

Great Oolite. ; 

At Tetbury (Gloucestershire) the Great Oolite is 160 ft. thick, 
and in the Box district it is often as much as 120 ft. But near 
Bradford it falls to 60 to 80 ft. and wedges away rapidly in a 
southerly direction, so that it is possible that it may be absent 
under Southern Wiltshire (5). 

Fullonian. 

The Fullonian reaches its greatest development in the Combe 
Monkton district, where it is estimated at 135 to 150 ft. Thence 
northwards it thins to 65 ft. at Slaughterioid (1) and to 84 ft. at 
Tetbury, in Gloucestershire (5). 

Inferior Oolite and Midford Sand (Bajocian). 

The Bajocian only, enters the county near Bath, where the 
thickness of the Oolite has been estimated at 25 to 45 ft., and 
near Bradford, where it has been taken as 40 ft. Near Bath the 
Midford Sand varies between 40 and 100 ft. (5). 

LlASSIC. 

The Lias is met with only near Box, where a boring at 
Lucknam,^ starting a little below its top, reached Rhaetic Beds 
at a depth of 434 ft. 

Tkiassio (in a boring only). 
Rhaeific. 

In the Lucknam boring, Ehaetic beds with a thickness of 34 ft. 
were found resting directly on Carboniferous Liniestone, which 
were penetrated to 305 ft.^ 
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SuPEEFICIAL. 
AlluviuTn. 

Alluvial deposits occupy large areas and extend to a great depth 
along the lower reaches of the Derwent through ihe Vale of 
Pickering, and of the Ouse and Aire through the Vale of York. A 
large number of wells has been sunk in them (9). 

In the Yale of Pickering mention may be made of a thickness of 
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79 ft. found at Thornton Dale, 97 ft. at Old Malton and 150i ft. 
recorded at Millington. 

In the Vale of York it is seldom possible to differentiate the 
alluvial and the glacial deposits. The two together generally 
exceed 50 ft. and in places 100 ft. in thickness. 



Fig. 33. East YoRKSumn. 




Glacial. 

On the Holderness Plain the glacial drift varies from as much 
as 140 ft. in places on the coast to ahout 50 ft. near a pre-glacial 
sea-cliff, which runs from Bridlington, through Driifield, Beverley 
and Cottingham, to Hessle, and is continued in Lincolnshire (2) . 

Boulder Clay occurs also on the coast north of Flamborough 
Head. It is 189^ ft. thick at Filey (9), but does not rise above 
the 800 ft. contour on the Cleveland Hills. On the Chalk Wolds 
the drift is absent or thin ; it is, however, widespread in the Vale 
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of York, wlieie it fills a buried valley-system, the bottom of whicb 
is below sea-level. At York the rock-floor is about 50 ft. below 
sea-level, at Selby about 90 ft., and at Barnby Dxm 170 ft. (10). 

Cretaceous. 
Chalk. 

The Upper Chalk of Yorkshire, which has no flints in the higher 
beds, has been proved to a thickness of 860 ft. in the southern 
part of the county. 

Estimates of the Middle Chalk in the northern part of its out- 
crop vary from 150 to 200 ft. (6). 

' The thickness of the Lower Chalk in Yorkshire varies con- 
siderably. Near South Cave it is about 72 ft. ; at the extreme 
north-west corner of the Wolds ... it is not more than 60 ft. 
and possibly less, while at Speeton it attains a thickness of 123 ft. 
It is evident, therefore, that a rapid diminution of thickness takes 
place from east to west.' (6). 

An estimate of the total maximum thickness of the Yorkshire 
Chalk is given as 1,450 ft. (6). 

Red Chalk and Speeton Clay. 

The Bed Chalk is 30 ft. thick at Speeton but thins gradually 
to 2 ft. near Acklam, expanding again to 10 ft. at the Hiim- 
ber (9). 

The Speeton Clay represents the beds which come between the 
Gault and Kimmeridge Clay in the south of England. 

It is 300 ft. thick at Speeton, but thins rapidly inland and 
cannot be traced far (4). 

Oolitic. 

! During the whole of the Jurassic period the controlling factor 
in the variations of the thicknesses of the beds was an axis of 
upheaval (or non-subsidence) which ran east and west through 
Market Weighton. Along this axis both the Oolites and the Lias 
are either thin or missing, and it is only on its northern side that 
the Estuarine Beds attain their great development. 

Kiiinnendge Clay. 

Near Knapton there is 500 ft. of black shale (7), which, how- 
ever, probably includes some Speeton Clay. The Kimmeridge 
Clay is cut out over the Market Weighton axis, but on the south 
side by the Humber there is 100 ft. of clays, the upper nart of 
which is probablr Kimmeridgian. 

CoTallian. 

In the northern parts of their outcrop the Corallian Beds are 
divided as follows : — 

Teet, 
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The thicknesses given relate to Kirkby Moorside, where they 
attain their maximum development (5). 

The total thickness is greatly reduced on the south of the Vale 
of Pickering, being 160 ft. at'Malton, 125 ft. at Grimston, and 
onlySOft. atAcklam(5). 

The Corallian group is absent over the Market Weighton axis, 
and to the south of it, when recognisable, is represented by clays. 

Oxford Clay with Kellaways Rock. 

The greatest thickness of the Oxford Clay is found north of 
Filey, where it amounts to 150 ft. (5). At Scarborough the forma- 
tion reaches 120 ft., but overmostof its northern and western out- 
crop it is from 50 to 70 ft. thick (5). Like the other Jurassic beds 
it thins over the Market Weighton axis, being 20 ft. at Acklam 
(5) ; but to the south it is overlapped by the Chalk. Near the 
llumber the lower part; of the 100 ft. of clays referred to under 
Kimmeridge Clay js probably Oxfordian. 

South of the Cleveland Hills and in the northern part of 
Hambleton Hills the Kellaways Rock, consisting of thick-bedded 
sandstone and sandy shales, is 70 to 100 ft. thick. At Scar- 
borough it is 75 ft., but thins southward to 10 ft. at Filey and 
Acklam (5). It is ab^ejat ov;.'r the Market Weighton axis but is 
35 to 40 ft. thick south of this line., It thins again to the 
Humber, and ceases to be recognisable as a distinct bed. 

Cornhrash. 

Some hard ferruginous limestone and calcareoiis shale, which 
are regarded as corresponding to the Cornbrash of the Southern 
Counties, are developed in the northern part of Yorkshire and 
are usually about 10 to 16 ft. thick (5). 

Upper Estuarine Series. 

The Upper Estuarine Series at Peak is 20Q ft. thick (5). In 
the district around Scarborough it varies from 124 to 200 ft., and 
in the Hambleton Hills from 100 to 200 ft. Further south at 
Brandsby and Kirkham it is about 50 ft. thick (5). 

South of Kirkham the Upper and Middle Estuarine Series are 
not separable in the absence of the Scarborough Limestone. 

At Acklam the beds between the Cave Oolite and the Kellaways 
Beds are 50 ft. thick. These thin southwards to less than 10 ft. 
near the Market AVeighton axis, but thicken again to 20 ft. at the 
Humber. 

Scarborough or Grey LiTnestone. 

The Scarborough Limestone at Peak is 104 ft. thick ; near Scar- 
borough it varies from 7 to 20 ft., while from Cleveland to 
Kirkham it is generally between 30 and 50 ft. thick. South of 
Kirkham it thins away in clays and cannot be traced (5). 

Middle and Loicer Estuarine Series. 

In the north-east of Yorkshire, at Peak, these beds attain a 
thickness of 390 ft. ; at Hawsker they are about 285 ft. thick, at 
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Euswarp 270 ft., in the Hamtleton Hills 200 ft., and at Kirkliam 
150 ft. (5), At Kirhy TTnderdale the Cave Oolite and Lower 
Estuarine Beds are 30 ft> thick, but in South Yorkshire have 
thickened to 80 ft. (5). 

Cave Oolite or Blillepore Bed. 

The Cave Oolite is developed in the south of the Hambleton 
Hills and extends to the Humber. It forms the dividing line 
between the Upper and Lower Estuarine Series, in this area and 
has a thickness varying from 10 to 30 ft. (5). In the north, on 
the coast, it is known as the Millepore Bed and has a maximum 
thickness df 20 ft. (5). 

Dogger and Blea Wyhe Beds. 

The Dogger and Blea Wyke Beds are variable, sandy, fer? 
ruginous deposits having a thickness of 100 ft, at Blea Wyke 
Point, near Peak, atfd 70 ft. in Rosedale. In the Cleveland area 
they vary from J) to 15 ft., but are always thin in the south (5). 

LlASSIC. 

Tlie Upper Lias near Whitby is generally about 210 ft. thick, 
altEough at times it probably reaches 250 ft. (5). It thins south- 
wiards to 80 or 90 ft. in the district near Malton and over the 
Market Weigh ton axis is overlapped by the Chalk. jSTear the 
Humber it is about 40 ft. thick (5). 

The Middle Lias is about 120 or 140 ft. thick in the north, but 
also thins southward, being 30 ft. near Malton and from 
3 to 9 ft. in the Market Weigh ton area. In the Cleveland area 
the upper part contains valuable ironstone-bands. This Ironstone 
Series is 120 ft. thick at Robin Hood's Bay but thins to the north- 
west and west, being 93 ft. thick in Eskdale, from 60 to 80 ft. at 
Grosmont, and 60 ft. on the escarpment above Northallerton. 
{' Geology of Eskdale, etc.,' 1885, and ' Geology of North Cleve- 
land,' 1888, Mems. Geol. Surv.) 

The Lower Lias is estimated as having a total thickness of 
800 ft., near Whitbj- (10). This becomes reduced southwards to 
100-150 fb. between Malton and the Humber (1, 5, 8). 

Teiassic. 
Rhaetic. 

Around Northallerton there seems to be about 40 ft. of Rhaetic 
(10), consisting of black shales and limestones, while in Cleveland 
there are 20 ft. of these beds. In the south and in the Vale of 
York they are about 30 ft. thick (3). Tate and Blake give the 
black shales of the Rhaetic as being 14 ft. thick (1). 

Keufer and Bunter. 

The Keuper occupies the low ground of the valleys of the Ouse 
and the lower parts of the Swale and' Tees. The Keuper Marl 
has been proved to be 700 ft. thick north-east of Selby, while in 
the Middlesbrough area it is probably between 500 and 600 ft. 
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In the northern part of the county the Keuper and Bunter 
cease to be distinguishable, and around Middlesbrough the sand- 
stones are in the aggregate between 850 to 1,100 ft. thick; while 
the maximum thickness of 1,400 ft. has been proved north-east of 
Selby. A boring at Thorne showed that the full thickness of the 
Triassic sandstones there exceeds 856 ft. (3, 12). 

Below the sandstones in the; north of the county is a series 
of inarls and saliferous beds of about 350 ft. in thickness. 



Permian. 

The Permian group thiclvens from 430 ft. in the extreme south 
of the county to 624 ft. at Selby (12) and to oyer 1,000 ft. north- 
east of that town . It is probably thinner in the districts between 
Knaresborough and Leeming Lane but thickens again to as much 
as 1,000 ft. in places near Middlesbrough (3, 11). 

In the south of the county the beds are divided as follows (12) : — 
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SUPEEFICIAL. 

AlluviuTn. 
The estuary of the Dee lies for the most part in Flintshire. As 
far up as Chester it is filled with alluvium resting generally on 
Boulder Clay. The alluvium consists of marine sand, which at 
Gorst's Farm, Sealand, was proved to be 75 ft. thick ; at Bettis- 
field Colliery, 50 or 60 ft., and at Foryd, near Rhyl, 581 ft. (3 
and 2). 

Glacial. 

Glacial deposits cover m.ost of the low-lying Triassic ground 
both in the Vale of Clwyd and in the Dee Valley. 

The greatest thicknesses are attained along a preglacial valley 
of the Dee, which runs through Broughton, Lower Kinnerton, 
Pulford, to the west of Holt. The following thicknesses have been 
met with (3, 4) ;— 72 ft. at Gorst's Farm, Sealand; 153 ft., No. 2 
Sandycroft boring, Sealand; 228 ft. (not bottomed), No. 6 
Hawarden Castle Colliery boring. Manor Hall Farm ; 272 ft. (not 
bottomed). Lower Kinnerton. 

In the Vale of Clwyd the glacial beds were upwards of 284 ft, 
thick at the Talargoch Mine. In both the Vale of Clwyd and the 
Dee Valley there are large areas where the solid rock is below sea- 
level (2, 3). 

The Boulder Clay along the Welsh Border is generally stiff 
chocolate-coloured calcareous clay with few boulders. 

Triassic. . 

In the Vale of Clwyd the Trias is represented by a soft red 
highly current-bedded sandstone which is assigned to the Lower 
Mottled Sandstone. It has been proved to be not less than 500 ft, 
thick at Foryd, near Rhyl (2). 

Triassic rocks occur also on the Welsh Border. The greatest 
proved thickness is 859 j ft., in Sealand (3). 

Most of the Trias of the Welsh Border is assignable to the 
Bunter but Keuper Beds come within a detached part of Flintshire 
which lies south of Malpas in Cheshire : — 
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Authorities. 

1. Jurassic Rocks of Britain, Mem. Geol. Surv., vol. iii, 1893. 

2. Geology of the Country around Bridgend, ib., 1904. 

3. Geology of West Gower and the Covintry around Pembrey, ib., 1907. 

4. A. Strahan. Geology in the Field, Geol. Assoc, 1910, p. 826. 

5. Geology of the Country around Cardiff, Mem. Geol. Surv., 2nd Ed., 1912. 

6. Gteology of the Country around Swansea, ib., 1907. 



Superficial. 

AlluviuTn and Gravel. 

The alluvial deposits whicli border the estuary of the Severn 
range from 30 to 50 ft. in thickness near Newport and Cardiff. 
They include silts, layers of peaty matter, and occasionally old 
land-surfaces with tree-stools in position of growth. The lowest 
land-surface observed, in the Barry Docks, lay at 35 ft. below 
Ordnance Datum (5). 

The gravel-terrace on which much of Cardiff is built varies from 
8 to 20 ft. in thickness. 

Farther west, at the Morfa Colliery, the depth from the level of 
the Margam Marsh to the surface of the rock was 71 ft. 10 ins., 
but in this was included 29 ft. 4 ins. of clay and gravel which 
may be of Glacial age. In the alluvial flats near Briton Ferry 
the depth to the rock varies 50 to 100 ft., and in the Tawe Valley, 
three miles above Swansea, about 60 ft. of clay and quicksand 
were encountered, with trees embedded at a depth of 20 ft. Near 
Llanelly alluvial deposits similar to those of the coast nenr Cardiff 
extend to a depth of more than 64 ft. (6). 

Glacial. 

The Glacial deposits attain great depths in the valleys, but 
for the most occupy narrow strips. In the Tawe Valley, at 
Swansea, glacial gravel extends to a depth of 300 ft., down to a 
level 150 ft. below Ordnance Datum (6). Many records of these 
extremely variable deposits will be found in the Memoirs on the 
South Wales Coal Field and in the Vertical Sections of the 
Geological Survey, Sheets 80, 81, 83-85, 87. 
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LlASSIC. 

The highest beds of the Lias left by denudation in Glamorgan- 
shire belong to the Semicostatus Zone of the Lower Lias, and the 
total thickness of the beds above the top of the Rhaetic is esti- 
mated at 2T7 ft. (2). 

The Lower Lias, however, appears in South Wales under two 
aspects. In the one it keeps its normal character as a series of 
alternating clays and limestones, while in the other it consists of 
conglomerates and limestone-breccias, evidently littoral deposits 
accumulated in the immediate neighbourhood of Liassic coast- 
lines. 

The lowest beds of the littoral type are known as the Sutton 
Series, and are from 25 to 40 ft. thick, but vary rapidly owing 
to the inequalities of the surface of Carboniferous Limestone on 
which they rest. 

Above the Sutton Series is the Southerndown Series, which is 
about 50 ft. thick in places, and consists of hard massive bluish 
conglomeratic limestones and shales (2). These shore-deposits of a 
sinking area are each in turn overlapped by higher beds and 
are 'not always present. 

Triassic. 

Rhaetic. 

Rhaetic Beds and Keuper Marl are well represented in South 
Wales, but Keuper and Buntor Sandstones are absent. The 
Rhaetic, like the Lias, appears under a normal and a littoral 
aspect. In the districts of Penarth and Chepstow it consists of 
white marls and black shales with thin limestones, all of normal 
type. At Lavernock Point the upper 11 ft. belong to the White 
Lias, below which comes about 22 ft. of black shales with the 
bone-bed near the base and a thin conglomerate resting in pockets 
in the tea-green marls. At Chepstow the Rhaetic is 18 ft. thick. 

The littoral facies of the Rhaetic commences near Cowbridge 
and becomes increasingly abnormal westwards. The shales first 
pass into a massive oolite and farther on into a massive sand- 
stone (2, 5). 

Keuper Marl. 

The distribution of the Keuper Marl is influenced by the 
Triassic topography. The Keuper main-land lay to the north of 
a curving line running more or less east and west and passing a 
little south of Llantrisant. Offshore there were several islands, 
the chief of which lay south of Bridgend and extended from 
the east of Cowbridge to the sea near Southerndown. ^ On 
the slopes of each of these land-areas lie breccias composed of 
their detritus, while farther away marls appear among the breccias 
and eventually wholly replace them. On these slopes, too each 
member of the Trias in turn overlaps its predecessor and comes to 
rest on the palaeozoic rocks. 

' See map in ' The Geology of the Country around Bridgend,' Mem. Geol. 
Surv., 1904, p. 24, and reproduced in 'The Geology in the Field.' (reol. Assoc, 
1910, p. 845. 
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The highest beds of the Keuper are the tea-green marls, which 
have an average thickness of from 20 to 45 ft. (5) . These graduate 
downwards into red marls of the usual type except where they 
rest on the old land-surface, when they pass into breccia (2). 

The greatest thickness of the Keuper seems to be about 400 ft. 
near' Cardiff, but under the circumstances referred to above the 
depth of marl varies greatly. 

A small outlier of conglomerate, which occurs at Port Eynon, 
forms the most westerly exposure of the Trias (3). 

On the banks of the Severn the Keuper presents the normal type 
of tea-green marls above and red marls below. 
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Abbey Town, 32, 33, 35. 
Aoklam, 148, 149, 150. 
Acre House, Nettleton, 89. 
Adderley, 29. 
Addington Hills, 131. 
Ainsdale, 75. 
Aire Valley, 146. 
Akeley, 21, 22. 
Aloester, 137. 
Aldeburgh, 125, 127, 128. 
Alderbury, 141, 142. 
Aldermaston, 10. 
Aldershot, 65, 66, 68*. 
Alkham, 73, 74. 
Allexton, 82. 

Alluvium, Beds, and Northants., 1, 2, 
6 ; Berks., 8 ; Bucks., 16 ; Camb., 
23 ; Cheshire, 27 ; Cumb., 32, 35 ; 
Derbysh., 36; Devon and Com., 
40 ; Dorset, 45 ; Essex, 52, 53, 56* ; 
Glos., 58, 62 ; Hants., 63 ; Kent, 
69, 71 ; Lanes., 75, 76 ; Leic, 79, 
85; Line, 86, 90*; Midx., and 
Herts., 92; Norfolk, 97, 100*; 
Northumb. and Durham, 102, 105 ; ' 
Notts., 106, no*; Shrops., Ill; 
Som., 114, 119; Staff., 120, 124; 
Suffolk, 125, 128* ; Surrey and 
Sussex, 129 ; Warw. and Wore, 136, 
139 ; Wilts., 140, 141 ; Yorks., 146, 
147, 152* ; North Wales, 153, 154 ; 
South Wales, 155, 158. 
Alresford, 67. 
Alsager, 27. 
Altcar, 77, 78*. 
Alton, 67, 68, 68*. 
Altrincham, 29. 
Alum Bay, 65, 66. 
Alverstoke, 66, 68*. 
Alveston, 139. 
AmpthiU, 19. 

Ampthill Clay, 1, 3, 6, 16, 19, 23, 25. 
Ancholme Valley, 89. 
Andover, 67. 
Andoversford, 60. 
Annesley, 110*. 
Ansell's Brewery, 138. 
Appleby (Line), 34 ; (Westmorland), 

90, 90*. 
Arden Sandstone, 138. 
Ardwick, 78, 78*. 
Arkesdon, 54. 
Arlesey, 6. 
Armthorpe, 152*. 
Amoot, 13. 
Arn Hill Quarry, 142. 
Amold-Bemrose, H. H., 36. 
Ascot, 10. 
iVshbocking, 128*. 



Ashbourne, 36, 38. 

Ashby, 84. 

Ashdon, 54. 

Ashdown Sand, 69, 129, 134, 135. 

Ashey, 66. 

Ashford, 74, 

Ashover, 36. 

Ashton, 6, 7. 

Ashton-in-Makerfield, 78, 78*. 

Aslackby, 90*. 

Astley, 78, 78*. 

Aston, 138, 139. 

Atcham, 112. 

Atherfield, 68. 

Atherfleld Clay, 48, 68, 69, 73, 74, 129, 

133, 134. 
Audleby, 89. 
Audlem. 29, 113. 
Axe Valley, 40. 
Aylesbury, 19. 
Aynho, 20. 



B. 

Bagshot Beds: Berks., 8, 9, 15 
Dorset, 45-47 ; Essex, 52, 55, 56* 
Hants., 63, 65, 66, 68* ; Kent, 69 
71 ; Midx. and Herts., 92, 94 
Surrey and Sussex, 129, 131, 134* 
Wilts., 140, 141, 144*. 

Ballard Point, 48. 

Bamber Bridge, 77. 

Barking, 56*. 

Barley thorpe, 82. 

Barlow, 152*. 

Bamby Dun, 148. 

Barry Docks, 155. 

Barton Beds : Hants, 63, 65, 68* ; 
Surrey and Sussex, 129, 131, 134*. 

Barton (Hants.), 65. 

Barton-on-Humber, 87, 90*. 

Baschurch, 113. 

Basford, 110*. 

Basingstoke, 67. 

Baston, 90*. 

Baston Bridge, 118, 119. 

Batcombe, 118. 

Bath, 50, 116-119, 145. 

Batheaston, 117. 

Batsford, 61, 62. 

Battersea, 132. 

Battle, 134*, 135. 

Bawdsey, 128*. 

Beaminster, 48. 

Bearwood, 10. 

Beccles, 100, 128*. 

Beckenham, 72. 

Beckton, 56*. 

Beddingham, 133. 

Bedford, 4, 6. 
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Bedfordshire, 1-7. 

Bedwyns, 142. 

Beer Head, 43. 

Beer Stone, 42, 43. 

Beeston Castle, 31. 

Belper, 38. 

Belton, 82. 

Belvoir, Vale of, 82, 106. 

Bembridge, 64, 65, 68*. 

Bembridge Beds, 63, 64, 68*. 

BenhaU, 128*. 

Benniworth, 90*. 

Bentley, 68. 

Berkshire, 8-15. 

Bettisfield Colliery, 154. 

Bevereotes, 109, 110*. 
■Beverley, 147. 

Bexley Heath, 72. 

Bicester, 13, 14, 20. 

Bicton, 112. 

Bidaton, 30, 31. 

Billesdon, 82. 

BiUinghay, 90*. 

Binley, 139. 

Birmey, E. W., 78. 

Birdbrook, 54. 

Bird, W. J., 102. 
Birkdale, 75. 
Birling Gap, 130. 
Birmingham, 138. 
Bisbrooke,.'82. 
Bishopstoke, 66. 
Bishop's Waltham, 65. 
Blackdown Beds, 40, 43. 
Blackdown Hills, Dorset, 47 ; Somer- 
set, 116. 
Blackball Colhery, 105. 
Blackheath, 72. 

Blackheath Beds : Essex, 55 ; Kent, 
69, 72, 74* ; Surrey, 129, 131, 134.* 
Blackpool, 75, 76. 
Black Van, 43. 
BlackwaU, 36. 
Blakedown, 139. 
Blake, J. ¥., 106, 146, 151. 
Blake Mere, 27. 
Blea Wyke, 151. 

Blea Wvke Beds, 146, 149, 151, 152*. 
Bletchle'y, 20-22. 
Boar's Hill, 11. 
Booking, 64. 
Boldre, 64. 
Bolton, 78. 

Boothby Pagnell, 90, 90*. 
Bootle, 30, 77, 78, 78*. 
Bordesley, 139. 
Boston, 87, 90*. 
Bosworth Wharf, 80, 85. 
Botesdale, 125. 
Boulge, 128*. 
Boultham, 90*, 91. 
Bourne, 90*. 
Bournemouth, 47, 65, 68*. 



Bourne Vale, 124. 

Bourton-on-the-Water, 60. 

Bovey Beds, 40, 42. 

Bowness, 35. 

Box, 145. 

Boxlev, 74. 

Boyd-Dawkins, W., 70. 

Brabourne, 74, 74*. 

Bracklesham Beds : Berks., 9; Hants., 
63, 65, 66, 68*; Surrey, 129, 131 
134*. 

Bracklev, 6, 7. 

Bradfield (Berks.), 10 ; (Essex), 56*; 

Bradford Clay, 58, 114, 116, 144, 145. 

Bradford-on-Avon, 144, 145. 

Brading, 66. 

Bradwell, 20. 

Braintree, 56*. 

Bramfield, 128*. 

Bramshaw, 66. 

Brandon (Suffolk), 125 ; (Warw.), 139. 

Brandsby, 150. 

Branscombe, 42, 43. 

Brantham, 128*. 

Breccia (Permian), 109, 110*, 120, 123, 
152. 

Bredon Hill, 61. 
. Brent Knoll, 117. 

Brentwood, 53, 55, 56*. 

Bretby Colhery, 39. 
Brettenham Park, 128*. 
Bridgend, 157. 
Bridgnorth, 113, 138. 
Bridgwater, 114. 
Bridlington, 147. 
Bridport, 50. 
Brigg, 90, 90*. 
Brightling, 135. 
Brighton, 132, 134*. 
Brill, 12, 19. 
Briton Perry. 155. 
Broad Hinton. 143, 144.* 
Broads, The, 97. 
Brookram, 32, 34. 
Bromham, 6, 7. 
Bromley, 72. 
Bromsberrow, 61. 
Bromsgrove, 138, 139. 
Brookwood, 131, 134.* 
Broughton, 154. 
Bruton, 117. 
Buckingham, 20. 
Buckinghamshire, 16-22. 
Buckland Denham, 119. 
Budleigh Salterton, 44. 
Bulbourne, 19. 
Bungay, 126, 

Bunter: Glos., 58,61; Leic, 79, 83, 
85; Line, 86, 90,* 91; Shrops., Ill, 
113; Staff., 122, 124; Warw. and 
Wore, 136, 138, 139 ; Yorks., 146 
151, 152. 
Burcot (Oxon,), 12, (Wore.) 138. 
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Burderop, 143. 

Bure Valley, 99. 

Burford, 13-15. 

Burghfield, 10. 

Burgh -le -Marsh, 90.* 

Buried Valleys, 99, 102, 121, 126, 154. 

Burnham, 55, 56.* 

Burrow-on-the-HiU, 82. 

Burscough Bridge, 78.* 

Burton-on-Trent, 36-38, 120, 124. 

Bury St. Edmunds, 125. 

Bushey, 95, 96. 



Cadbury, 117. 

Calne, 143, 144. 

Calvert, 20-22. 

Cambridge, 25. 

' Cambridge Greensand,' 25. 

Cambridgeshire, 23-25. 

Cam Valley, 54. 

Canterbury, 71, 72. 

Cantrill, T. C, 111, 120, 123, 136. 

Canvey, 52, 53, 56.* 

Cardiff, 155, 158. 

Carlisle, 33, 34. 

Carlton, 152.* 

Carr, South, 108. 

Carstone : Hants., 68 ; Lino., 86, 89, 
90* ; Norfolk, 101. 

Castle Cary, 117. 

Castle Donington, 84. 

Castle Gresley, 39. 

Castleton, 50. 

Castor, 6, 7. 

Caterham, 131, 133, 134.* 

Catsfield, 135. 

Cave Oolite, 146 149-151. 

Caxton, 23. 

Caythorpe, 90. 

Cephalopoda Beds, 60. ' 

Chalk: Beds., 1, 3, 6; Berks, and 
Oxon., 8. 10, 11, 15; Bucks., 16, 18, 
22 ; Camb., 23, 24, 25 ; Devon., 40, 
42, 43 ; Dorset, 45, 47 ; Essex, 52, 
56, 56*; Hants., 63, 66, 67, 68*; 
Kent, 69, 72, 73, 74*; Line, 86, 
89, 90* ; Midx.- and Herts., 92, 
94-96; Norfolk, 97, 100, 100*; 
Somerset, 114, 115, 119; Suffolk, 
125, 128, 128* ; Surrey and Sussex, 
129, 132, 134*; Wilts., 140, 142, 
' ' 143, 144* ; Yorks., 146, 148, 152.* 

Chalk Rook, 10, 16, 18, 43, 72, 95, 132. 

Challow, 12. 

Chard, 115, 116, 118, 119. 

Charing, 73. 

Charnwood, 38. 

Chartham, 72. 

Chartley, 124. 



Chatham, 71-74. 

Cheddleton, 120. 

Chedworth, 59, 60. 

Chellaston Hill, 37. 

Chelmsford, 54, 55, 56.* 

Chepstow, 157, 158. 

Chert Beds, 43, 116, 119. 

Chertsey,'132, 133. 

Cheshire, 27-31. 

Cheshunt, 95, 96. 

Chester, 29, 30, 164. 

Chester-le-Street, 102. 

Chetwode, 21. 

Cheveley, 24. 

Chichester, 132, 133, 134.* 

Chiloote, 38, 84. 

Chilmark, 144. 

Chiltem Hills, 18. 

Chingford, 56.* 

Chippenham, 141, 144. 

Chipping Barnet, 93. 

Chipping Norton Limestone, 22. 

Chipstead, 130. 

Chisbury, 142. 

Chiswick, 92, 96. 

Chobham, 131, 132, 134.* 

Chorlton-on-Medlock, 78. 

Chrishall, 54. 

Christohuroh, 65, 66. 

CinderhiU, 109. 

Cirencester, 58, 59. 

Clacton-on-Sea, 56.* 

Clapton, 2, 6, 7. 

Claverley, 113. 

Claxby Ironstone, 86, 89, 90.* 

Clay-with-flints, 45, 63, 69, 71, 93, 129. 

Claygate Beds, 71. 

Cledford Bridge, 29, 31. 

Cleeve HiH, 60. 

Cleveland, 147, 150, 151, 152.* 

Clewer Green, 8. 

Cliffe, 71, 72, 73. 

Clifton Hampden, 11. 

Chpsham, 81. 

Clipston, 110.* 

Clitheroe, 78. 

Clowne, 39. 

Clwyd, Vale of, 154. 

Clypeus Grit, 60. 

Cockshutt, 112. 

Coggeshall, 54. 

Colchester, 56.* 

Coldred, 72, 73. 

Collyhurst, 30. 

CoUyweston Slate, 4. 

Cohie Valley, 92. 

Coin Rogers, 58. 

Combe, 44. 

Combe Monkton, 145. 

Congleton, 27, 29. 

Coombe Rock, 129, 130. 

Coombs, 128.* 
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Corallian : Beds., 1, 3 ; Oxon., 8, 12, 
13, 15 ; Bucks., IG, 19, 22 ; Camb. 
and Hunts., 23, 25 ; Dorset, 45, 49, 
50 1 Kent, 69, 74* ; Line, 86, 89, 
90*; Som., 114, 116; Sussex, 129, 
134* ; Wilts., 140, 144, 144* ; Yorks., 
146, 148-150, 152.* 

Coralline Crag, 125, 127. 

Cornbrash : Beds, and Northants., 1, 
4, 6 ; Berks, and Oxon., 8, 13, 15 ; 
Bucks., 16, 20, 22 ; Hunts., 23, 26 ; 
Dorset, 45, 50 ; Glos., 58, 62 ; Leic. 
and Rutland, 79, 81 ; Line, 86, 90, 
90*; Som., 114, 116; Wilts., 140, 
144, 144* ; Yorks., 146, 149, 150, 
152*. 

Cornwall, 40-42. 

Corringham, 52. 

Corsham, 144, 145. 

Cosford, 113, 122, 124. 

Cottesmore; 82. 

Cotteswold (or Cotswold) Hills, 60. 

Cottingham, 147. 

Coulston, 144. 

Cowbridge, 157, 158. 

Cowes, 64. 

Cowpen Marsh, 105. 

Crag : Essex, 52, 55 ; Norfolk, 97, 99, 
100, 100* ; Suffolk, 125, 127. 

Craven Arms, 113. 

Creech Barrow Limestone, 45, 46. 

Crewe, 31. 

Crewkerne, 115, 116. 

Crimplesham, 100.* 

Croham Hurst, 131. 

Cromer, 98, 100, 100.* 

Crondall, 66, 68.* 

Crosby, 77. 

Crosswilling Shaft, 111. 

Crousa Downs, 42. 

Crowland, 88, 90, 90.* 

Croxton Kerrial, 82. 

Croydon, 130, 131. 

Cuokfield, 135. 

Cuddesdon, 12, 13. 

Culford, 128, 128.* 

Culham, 12, 13. 

Cumberland, 32-35. 

Cuxton, 71. 



D. 



Dalby, 90.* 
Dale, 38. 
Dane's Moss, 27. 
Darlington, 105. 
Dartford, 71. 
Datchet, 18, 22. 
Davies, A. M., 16. 
Daylesford, 136. 
Day well Colliery, 111. 
Debden, 54. 
Dee Valley, 28, 154. 



De la Beohe, H. T., 117. 

Delamere, 27. 

Denchworth, 12. 

Denshanger, 20. 

Deptford, 71, 72. 

De Ranee, C. E., 27. 

Derby, 36. 

Derbyshire, 36-39. 

Dereham, 100, 100*. 

Dersingham, 100, 100*. . 

Derwent Valley, 36, 146. 

Devizes, 142-144. 

Devon, 40-44. 

Dewlish, 45, 46. 

Dibden, 65, 68*. 

Dickinson, J., 78. 

Dinton, 143, 144*. 

Diss, 98, 100*. 

Dodleston, 28. 

Dogger, 146, 149, 151, 152*. 

Dogmersfield, 66. 

Donnington, 89. 

Dorchester, 45, 47. 

Dorking, 134. 

Dorney Common, IS. 

Dorset, 45-51. 

Dotton Lane, 44. 

Doulting, 118. 

Dover, 73, 74. 

Downend, 66. 

Downham Market, 25, 100*, 101. 

Driby, 90*. 

Drifaeld, 147. 

Droitwich, 137. 

Dryll Colliery, 111. 

Dumbleton, 61. 

Dundry Hill, 117, 118. 

Dunn's Heath, 112. 

Dunsfold, 134, 134*. 

Durham, 102. 

Durham County, 102-106. 



Earls Colne, 56*. 
East Bergholt, 128*. 
Ea!3tbourne, 133-135. 
Eastergate, 131, 132. 
Easterton, 143, 144*. 
East Ham, 56, 56*, 67. 
East Horsley, 132, 134*. 
East Lavant, 132, 134*. 
East Leake, 108. 
Eaton Hall, 31. 
Ebbsfleet, 71, 73, 74, 74*. 
Eccles, 100. 
Ecoleston Hall, 78. 
Eden Valley, 34. 
Edge Green, 78, 78*. 
Edithweston, 82. 
Edmonton, 94. 
Edwalton, 38, 110*. 
Egginton Common, 38. 
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Egham, 132. 

Elham, 73. 

Eller Beck Bed, 149. 

EUesmere, 112. 

Ellinge, 74. 

" Elmsthorpe Boring," 83. 

Elsenham, 54. 

Elsham, 89. 

Elsworth Rook, 26. 

Eltham, 72. 

Elton, 26. 

Elj' (Camb.), 25 ; (Glam.), 158. 

Empingham, 81. 

Enville, 123. 

Epperstone, 110*. 

Erewash Valley, 36. 

Erith, 71, 72, 74. 

Eskdale, 151. 

E.ssendine, 81. 

Essex, 52-57. 

Etton, 6. 

Euston, 128*. 

Exton, 82. 



Fairlight, 135. 

Pairlight Clay, 129, 134, 135. 

Farcet, 26. 

Faringdon, 11, 12. 

Farington, 77. 

Famborough, 68*. 

Felixstowe, 125, 127, 128*. 

Felstead, 56, 56*. 

Fenny Stratford, 20. 

Fens,' 87, 89, 97, 98. 

Ferruginous Sands, 68. 

Filey, 147, 149, 150, 152*. 

Finchlev, 92, 94. 

Fishbourne, 132. 

Flamborough Head, 147. 

Fleckney, 80. 

Fleetwood, 75, 77, 78*. 

Flintshire, 154. 

Fobbing, 56*. 

Foley House, 74. 

Folkestone, 71. 

Folkestone Beds : Hants., 68, 68* ; 
Kent, 69, 73, 74* ; Surrey and Sussex 
129, 133, 134. 

Fonthill Abbey, 143. 

Ford, 31. 

Ji'ordingbrldge, 47, 66, 68*. 

Forest Bed: Norfolk, 97, 99, 100*; 
Suffolk, 125, 127. 

Forest Marble : Beds, and Northants., 
6 ; Berks, and Oxon., 8, 13, 15 
Bucks., 16, 20, 22 ; Dorset, 45, 50 
Glos., 58, 62; Som., 114, 116 
Surrey, 135; Wilts., 140, 144, 144* 

Foryd, 154. 



Fossdyke, 88. 

Foulness, 53, 56, 56*. 

Foxearth, 54. 

Foxham, 144. 

Fradley, 124. 

Freshwater, 68*. 

Fressingfield, 126, 128*. 

Frimlev. 132. 

Frindsbury, 72, 73. 

Frodsham Beds, 29. 

Frome Stone, 116. 

Fuller's Earth : Dorset, 45, 50 ; Glus., 

58, 59 ; Som., 114, 117, 119 ; WiHs., 

140, 144*, 145. 
Fuller's Earth Rock, 50, 117. 
Purness, 77, 78. 
Furtho, 3. 



s G. 

Gainsborough, 90.* 

Gamlingay, 25. 

Gamston, 110.* 

Garthorpe, 79. 

Garwood, E. J., 102. 

Gayton (Northants.), 5-7 ; (Norfolk), 
100.* 

Gedling, 110*. 

Gibson, W., 120. 

Glacial deposits, Beds: and Northants., 
1, 2, 6 ; Bucks., 16, 17 ; Camb. and 
Hunts., 23, 24 ; Cheshire, 27, 28, 29, 
31 ; Cumb. and Westld., 32, 35 
Derbysh., 36, 37 ; Essex, 52-54, 56* 
Glos., 58, 62 ; Lanes., 75-77 ; Leic. 
79-81, 85 ; Line, 86-88, 90* 
Midx. and Herts., 92, 93 ; Norfolk 
97-99, 100* ; Northumb. and Dur- 
ham, 102, 105, Notts., 106, 110* 
Shrops, 111-113; Staff., 120-122 
124 ; Suffolk, 125-126, 128* ; Warw 
and Wore, 136, 139 ; Yorks., 146 
147, 152 ;* North Wales, 153, 154 
South Wales, 155, 158. 

Glastonbury, 114, 117, 118. 

Glemsford, 126, 128.* 

Glinton, 6, 7. 

Gloucestershire, 58-62. 

Gobowen, 111. 

Godeby, 82. 

Goodchild, J. G., 32. 

Goosey, 13. 

Gosport, 65, 66, 68*. 

Grantham, 81, 82, 90, 90.* 

Gravesend, 71. 

Great Baddow, 56.* 

Great Chesterford, 54. 

Gcreat Dunmow, 56*. 

Great Haldon Hills, 43. 

Great HaUingbury, ,54. 
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Great Oolite Series : Beds, and North- 
ants., 1 , 4, 6 ; Berks, and Oxon., 8, 13, 
15 ; Bucks., 16, 20, 22 ; Hunts., 23, 
26 ; Glos., 58, .59, 62 ; Kent., 69, 74*; 
Leic. and Rutland, 79, 81 ; Line., 
86, 90, 90* ; Midx. and Herts., 95; 
Som., 114, 116; Surrey, 134,* 135; 
Wore, 136 ; Wilts., 140, 144*. 145. 

Great Orton, 32, 35. 

Great Saling, 54, 56.* 

Great Warley, 55, 56*. 

Greenwich, 71, 72. 

Grey Limestone — See Scarborough 
Limestone. 

Grimston, 150. 

Grinstead Clay, 69, 129, 134, 135. 

Grosmont, 151. 

Gryphite Grit, 60. 

Gubbleoote, 22. 

Guildford, 130. 

Gypseous Shales, 32-35,. 



Habrough, 88. 

Haggerston, 92. 

Haldon Gravels, 40, 42. - 

Halewood, 77. 

Hallaton, 80, 82. 

Halstead, 54, 56.* 

Hambleton, 82, 85. 

Hambleton Hills, 149-151. 

Hampshire, 63-68. 

Hampstead, 94. 

Hamstead Beds, 63, 68.* 

Hanwood, 113. 

Harbury, 139. 

Hardaker, W. H.. 120. 

Hardwick Old Hall, 39. 

Harlow, 54. 

Harmer, F. W., 97, 125. 

Harrison, J., 138. 

Harrow, 94. 

Hartwell, 6, 7. 

Harwich, 66, 56.* 

Hastings Beds : Kent, 69, 74, 74* ; 

Surrey and Sussex, 129, 134, 134,* 

135. 
Hastings Waterworks, 135. 
Hatfield, 92. 
Hatfield Broadoak, 54. 
Hatfield Peverel, 56.* 
Hathem, 83-85. 
Hatton, 92. 
Haughton, 113. 
Havant, 66, 68.* 
Haverhill, 126. 
Haverton Hill, 105. 
Hawarden Castle Colliery, 154. 
Hawkhurst, 74. 
Hawsker, 150. 
Haxey, 90*, 91, 108, 109, 110.* 



Hayling, 66, 68.* 

Hazlegrove, 30, 31. 

" Head," 40. 

Headon Beds, 63-65, 68.* 

Heathfield, 42. 

Heaton Park, 78, 78.* 

Heavitree, 44. 

Heokington, 90*. 

Helion Bumpstead, .54. 

Hemington, 117, 119. 

Hendon, 94. 

Henfield, 134. 

Henlow, 2, 3, 6. 

Henny, 54, 56, 56.* 

Hertfordshire, 92-96. 

Hessle, 147. 

Heswall, 30, 31, 78. 

Highgate, 94. 

Highworth, 144, 144.* 

Hilton Shales, 32,- 34. 

Hinckley, 81, 83, 85. 

Hitchin, 3. 

Hither Green, 72. 

Holdemess, 147. 

Holkham Hall, 100, 100.* 

Holmes, T. V., 32. 

Holt, 154. 

Honiton, 43. 

Hooton, 29. 

Hopkinson, J., 1. 

Hopwas Breccia, 124. 

Hordwell, 65. 

Horndon, 56, 56.* 

Horninghold, 82. 

Hornsea, 152.* 

Horsepath, 12. 

Horse Sand Port, 65, 68.* 

Horsted Keynes, 135. 

Hothfield, 74. 

Hougham, 73. 

Houghton Regis, 6. 

Howardian Hills, 149. 

Hoxne, 127. 

Hudleston, W. H., 46. 

Hugglescote, 80. 

Hull, 152.* 

Humberstone, 83, 85. 

Humber Valley, 148, 150, 151 

Hungerford, 141, 142. 

Himstanton, 100, 100.* 

Hunston, 131. 

Huntingdonshire, 23-26. 

Hunts Cross, 77. 

Hurst, 10, 11. 

Hythe, 74. 

Hythe Beds : Hants., 68, 68* ; Kent, 

69, 73, 74, 74* ; Surrey and Sussex, 

129 133, 134. 



Idlestop, 90*. 
Ilford, 56.* 
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Ilmmster, 117, 118. 

Inferior Oolite : Berks, and Oxen., 8, 14, 
15; Dorset, 45, 50 ; Glos., 58, 59, 60, 
62 ; Kent. 74* ; Som., 114, 117, 119 ; 
Wore, 136 ; Wilts;, 140, 144*, 145. 

Ingatestone, 55, 56.* 

Ingleby, 38. 

Inkpen, 10. 

Ipsden, 11. 

Ipswich, 128.* 

Ironbridge, 113. 

Ironstones, 82, 151. 

Irthlingborough, 6, 7. 

Irton, 152.* 

Islip, 13. 

Iver, IS. 

J. 

Jevington, 133, 134. 
Jukes-Browne, A. J., 26, 48, 70, 86, 
116. • 



Kingham, 14. 

King's Heath, 138, 139. 

Kingshill, 80, 85. 

King's Mill, Sutton, 39. 

ICingsthorpe, 5-7. 

Kingston, 132. 

Kine, W. W., 120, 139. 

Kirby House, 142. 

Kirby Underdale, 149, 151. 

Kirkby-in-Ashfield, 39. 

Kirkby Moorside, 150. 

Kirkham, 150, 151. 

Kirk Ireton, 36, 38. 

Kirklinton Sandstone, 32, 33, 35. 

Kinnington, 88. 

Kirton, 128.* 

Knaresborough, 152. 

Knutsford, 29. 



Keeping, H., 46. 

Kelham, 108, 110.* 

Kellaways Beds : Beds, and Northants., 
1, 4, 6 ; Bucks., 20, 22 ; Hunts., 23, 
26; Dorset, 45, 50; Glos., 58; 
Kent, 74*; Line, 89, 90; Som., 
114, 116; Wilts., 140, 144, 144*, 
Yorks., 146, 149, 150, 152.* 

Kelsale, 128.* 

Kempston, 6. 

Kemsing, 74. 

Kendall, P. F.. 146. 

Kent, 69-74.* 

Kentish Town, 95, 96. 

Kessingland, 128.* 

Kettering, 5. 

Ketton, 81, 82. 

Keuper, Northants., 1, 5, 7 ; Oxon., 8, 
14, 15; Cheshire, 27, 29-31 ; Derbyshi, 
36, 38 ; Devon, 40, 44 ; Dorset, 45, 
51 ; Glos., 58, 61, 62 ; Lanes., 75, 77, 
78* ; Leic, 79, 83, 85 ; Line, 86, 
90*, 91 : Durham, 102, 103, 105 ; 
Notts., 106, JOS, 110*; Shrops., Ill, 
113; Som., 114, 118, 119; StafE., 
120, 122, 124 ; Warw. and Wore., 
136, 138, 139; Yorks., 146, 151, 
152, 152* ; South Wales, 155, 157, 
158. 

Keyraer, 135. 

Kidlington, 13-15. 

Kimmeridge Clay- Beds., 1, 3, 6; 
Berks, and Oxon., 8, 11, 12, 15; 
Bucks., 16, 19, 22 ; Camb. and 
Hunts., 23, 25; Dorset, 45, 49: 
Essex, 57 ; Kent, 69, 74* ; Line, 
86, 89, 90* ; Norfolk, 100*, 101 ; 
Surrey and Sussex, 129, 134*; 
Wilts., 140. 144. 144* ; Yorks., 146, 
148, 152.* 



Laindon, 55. 

Lambeth, 132. 

Lamplugh, G. W., 69, 146. 

Lancashire, 75-78.* 

Langham, 82. 

Lansdown, 117, 119. 

Lantern Marshes, Orford, 125, 128.* 

Lapworth, C, 113, 120. 

Lavernock Point, 157. 

Layer Marney, 56.* 

Lea Bridge, 56.* 

Leagrave, 6. 

Lea Valley, 92. 

Lebour, G. A., 102. 

Leokhampton, 59-61. 

Leeming Lane, 152, 152.* 

Leicester, 79, 80, 82, 83, 85. 

Leicestershire, 79-85. 

Leigh (Essex), £6* (Lane) 78.* 

Leigh Hill, 142. 

Leighton Buzzard, 3, 6. 

Ijeiston, 128.* 

Leith Hill, 134. 

Lenham Beds, 69, 71, 129, 130. 

Leyton, 66.* 

I,ias : Beds; and Northants., 1, 4, 5, 7 ; 
Oxon., 8, 14, 15 ; Bucks.. 16, 21, 22 ; 
Camb. and Hunts., 23, 26 ; Cheshire, 
27, 29 ; Cumb., 32. 35 ; Devon. 40, 
43 ; Dorset, 45, 50. 51 ; Glos., 58, 61, 
62 ; Kent, 69, 74* ; Leie, 79, 82, 85 ; 
Line, 86, 90, 90,* 91 ; Notts., 106, 
107, 110* ; Shrops.. 111. 113 ; Som.. 
114. 117-119; Warw. and Wore, 
136, 139; Wilts.. 140. 144,* 145; 
Yorks.. 146. 151. 152* ; South Wales. 
155, 157, 158. 

Lidgate. 125. 

Linby. 110.* 

Lincoln. 88, 90. 

Lincohishire, 86-90.* 
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Lincolnshire Limestone : Beds, and 
Northants., 1,4, 6 ; Hunts., 23. 26 ; 
Leic. and Rutland, 79, 81, 85 ; Line, 
86, 90, 90.* 

Linehow, 35. 

Lingfield, 134. 

Lanslade, 19. 

Linton, 24. 

Little Aston — See Streetley. 

Littlebury, 54. 

Little Chesterford, 54. 

Little Haldon, 43. 

Little Hallingbury, 54. 

Liverpool, 75, 77, 78. 

Llanelly, 155. 

Llantrisant, 157. 

London, 92-96. 

London Clay : Berks, and Oxon., 8, 10, 
15 ; Bucks., 16, 18, 22 ; Dorset, 45, 
46 ; Essex, 52. 55. .56* ; Hants.. 63. 
66, 68* ; Kent, 69, 71, 74* ; Midx. 
and Herts., 92. 94 ; Norfolk, 97, 100, 
100* ; Suffolk. 125. 127. 128. 128* ; 
Surrey and Sussex. 129, 131, 134* ; 
Wilts., 140, 142. 144.* 

Long Crendon, 19. 

Long Marston. 18. 

Long Sutton. 86. 88. 90.* 

Loughborough. 80. 83. 

Loughton. 56. 56,* 57. 

Louth, 87, 90.* 

Lower Calcareous Grit, 148, 149. 

Lower Estuarine Series : Bucks., 16, 
20-22 ; Hunts.. 23 ; Rutland. 81 ; 
Line. 86. 90, 90* ; Yorks., 146, 150, 
151, 152.* 

Lo\ver Green.sand : Beds, and North- 
ants., 1, 3, 6 ; Berks, and Oxon., 8, 
11, 15 ; Bucks., 16, 19, 22 ; Camb. 
and Hunts., 23, 25 ; Dorset, 45, 48 ; 
Essex, 57 ; Hants., 63, 68 ; Kent, 
73, 74 ; Line, 86, 89, 90* ; Norfolk, 
97, 100*, 101 ; Suffolk, 125, 128, 
128* ; Surrey and Sussex, 129, 133, 
134, 134* ; Wilts., 140. 143. 144.* 

Lower Hailing. 73. 

Lower Keuper Sandstone : Lane, 75, 
77, 78* ; I.fiie, 79, 83, 85, 91 : 
Shrops.. 111. 113. 

Lower Kinnertori .154. . 

Lower Mottled Sandstone : Cheshire. 
27. 30. 31 ; Derbysh.. 36, 38 ; Lane, 
75, 78, 78* ; Notts., 106, 108, 110* ; 
Shrops., Ill, 113 ; Staff., 120, 122, 
124; Warw. and Wore, 136, 138; 
North Wales, 163, 154. 

Lowestoft, 125-128.* 

Lucknam, 144.* 

Ludgershall, 20. 

Luffinham, 81, 82. 

Lulworth, 47, 48. 

Luton, 6. 

Lutterworth, 81. 83. 



Lydd. 71. 74. 
Lyme Regis. 42—44. 51. 
Lymington. 65. 68.* 
Lynn. 100,* 101. 
Lytham. 75. 76. 



M. 



Mablethorpe. 86. 90.* 

Macclesfield. 28. 29. 31. 

Maendy, 158. 

Magnesian Limestone : Cumb. and 

Westld., 32. 34 ; Derbysh.. 36, 39 ; 

Durham. 102, 104, 105 ; Notts., 106, 

109, 110*; Yorks., 152. 
Maidstone, 74. 
Maldon, 56.* 
Malmesbury, 144, 145. 
Malm-rock. 68. 
Malton. 150. 151. 162.* 
Malvern Link, 139. 
Manchester, 78. 
Manningtree, 56.* 
Mansfield. 39. 109. 110.* 
Manton. 82. 110.* 
Marfleet. 152.* 
Margam Marsh. 155. 
Margate. 73. 
Marham, 100. 
Marholm, 6. 7. 
Market Bosworth. 80. 83. 85. 
Market Drayton. HI. 113. 
Market Harborough. 82. 
Market Lavington, 143. 
Market Overton, 82. 
Market Weighton Axis, 148, 150, 151. 
Marlborough Downs, 143. 
Marl Slate : Derbysh., 39 ; Durham. 

102. 104, 105*; Notts., 106, 109, 

110* ; Yorks., 152. 
Marlstone, 5, 61, 82. 117, 137. 
Marr, J. E., 23, 32. 
Marsh Baldon, 12. 
Marston (Cheshire), 29-31 ; (Wilts.), 

144. 
Marsworth, 19, 22. 
Martin, 90.* 
Mary Knoll, 139. 
Matley, C. A., 136. 
Matlock, 36. 
McMurtrie, J., 114. 
Medlock Vale, 78.* 
Medway Valley, 71. 
Melbourn Rock : Berks, and Oxon.. 

10; Bucks., 16. 18; Devon. 43; 

Kent. 72, 73 ; Midx. and Herts., 95 ; 

Som., 115 ; Surrey and Sussex, 132. 
Melksham Spa, 144, 144.* 
MeUing, 78.* 
Melton, 127, 128.* 
Melton Mowbray, 79, 81, 82, 83, 85. 
Melton Ross, 89. 
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Membury, 43. 

Mendip Hills, 117, 118. 

Mersey Valley, 77. 

Merston, 131, 132. 

Mickleton, 58, 61, 62. 

Middle Estuarine Series, 146, 149-151, 
152.* 

Middlesbrough, 105, 151, 152, 152.* 

Middlesex, 92-96. 

Middlewich, 29, 31. 

Midford, 117. 

Midford Sand : Oxon., 14 ; Dorset, 45, 
50; Glos., 58-62; Som., 114, 117, 
119 ; Wilts., 140, 144* 145. 

Milden, 126. 

Mildenhall, 128.* 

Mile End, 95, 96. 

MiUepore Bed, 146, 149. 

Millington, 147. 

Milton, 65, 68.* 

Milverton, 118. 

Minchinhampton, 59. 

Minster, 71. 

Mixbury, 14. 

Monk Sherborne, 66. . 

Monkton Deverill, 142. 

Monkton Farley, 145. 

Monkton Thanet, 72. 

Morcot, 82. 

Moreton, 45. 

Morfa Colliery, 155. 

Mortlake, 132. 

Morton, G. H., 27, 75, 77, 78. 

Moseley, 139. 

Mountfield, 134,* 135. 

MoxhuU, 138. 

Mugginton, 38. 

Mundon, 56.* 

Miipe Bay, 48. 

Murohison, R. I., Ill, 138. 

MusweU Hill, 19. 



Narborough, 100.* 
Nay land, 125. 
Nazeing, 56.* 
Needham, 100.* 
Needham Market, 126, 128. 
Needwood Eorest, 122. 
Netley, 65, 68.* 
Nettlebed, 10, 11. 
Nettleton, 89. 
Nevill Holt, 82. 
Newark, 108. 
Newbury, 10. 
Newcastle, 102. 
New Forest, 66. 
Newmarket, 24, '25. 



Newport (Essex), 54 ; {I.W.), 64, 68* 
(Mon.), 155. 

Newtondale, 149. 

Newton, R. B., 48. 

Nibley, 60. 

Nonington, 73. 

Norfolk, 97-101. 

Normanton Hills, 108. 

Northallerton, 151, 152.* 

Northampton, 3, 4, 6, 7, 

Northampton Sands : , Bed. and 
Northants., 1, 4, 7; Berks, and Oxon., 
8, 14, 15 ; Bucks., 16, 20, 21 ; 
Hunts., 23 ; Leic. and Rutland, 79, 
81, 82, 85 ; Line, 86, 90, 90.* 

Northamptonshire, 1-7. 

North Downs, 71. 

Northill, 2, 6. 

North Marston, 19. 

Northumberland, 102-105. 

North Wales, 153, 154. 

North Walsham, 100.* 

Northwich, 29, 31. 

Norton, 105. 

Norton St. Philip, 116. 

Norwich, 99, 100, 100.* 

Norwich Crag, 125, 127, 128.* 

Norwood, 132. 

Notgrove, -59, 60. 

Nottinghamshire, 106-110.* 

Nuneham, 11. 

Nunney, 117. 



Oakham, 82, 85. 
Oakington, 25. 
■ Oakley, 19. 
Oakmere, 27. 
Odiham, 66. 
Offwell, 42. 

Ogboume St. George, 144.* 
Okeford Fitzpaine, 48. 
Oldhaven Beds: Essex, 52, 55, 56, 

56* ; Kent, 69, 72, 74.* 
Old Malton, 147. 
Old North Road, 23. 
Old Windsor, 8, 10. 
Oligocene, Devon, 40, 42 ; Dorset, 45, 

46 ; Hants., 63, 64. 
OIney, 20, 21. 
Openshaw, 78, 78.* 
Orford, 125, 128.* 
Ormskirk, 77. 
Orton, 5-7. 
Osbaston, 80. 
Osborne Beds, 63, 64, 68.* 
Oswestry, 111. 
Otby, 89. 

Ottershaw, 131-134.* 
Oulton Broad, 127, 128.* 
Oundle, 4. 
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Ouse Valley (Yorksh.), 146, 151. 

Over, 25. 

Overseal, 84. 

Overstrand, 99. 

Ovington, 54. 

Owthorpe, 108, 110.* 

Oxford, 13-15. 

Oxford Clay : Beds, and Northants., 1, 
4, 6 ; Berks, and Oxon., 8, 13, 15 ; 
Bucks., 16, 20, 22; Camb. and 
Hunts., 23, 25, 26 ; Dorset, 45, 50 ; 
Essex, 57 ; Glos., 58, 62 ; Kent, 69, 
74*; Line, 86, 89-90*; Norfolk, 
101 ; Som., 114, 116 ; Surrey and 
Sussex, 129, 134* ; Wilts., 140, 144, 
144* ; Yorks., 146, 149, 150, 152.* 

Oxfordshire, 8-15. 

Oxted, 134. 

Oxton, 110.* 



Packington, 84. 

Pagham, 132. 

Parkhurst Forest, 63. 

Park Royal, 96. 

Parr, 78. 

Patricroft, 78. 

Paulton, 118,119. 

Pea Grit Series, 60. 

Peak mil (Devon), 43. 

Peak (Yorksh.), 149-151. 

Peakirk, 6. 

Peat, 27, 63, 75,- 76, 114. 

Pebble Beds : Cheshire, 27, 30, 31 ; 
Derbysh., 36, 38, 39; Devon, 40; 
Lane, 75, 77-78*; Leic, 83, 84; 
^otts., 106, 108, 110* ; Shrops., Ill, 
113; Som., 114, 118; Staff., 122, 
124 ; Warw. and Wore, 136, 138, 
139. 

Peckforton Hills, 113. 

Peldon, 56.* 

Pelton, 112. 

Penarth, 157. 

Pendleton. 78. 

Penning, W. H., 26. 

Penrith Sandstone, 32, 34. 

Penshurst, 74. 

Pen-y-lan Shaft, 111. 

Permian: Cheshire, 27, 30, 31 
Cumb. and Westmorland, 32, 34 
Derbysh., 36, 39; Devon, 40, 44 
Lane., 75, 78, 78* ; Leic. and Rut 
land, 79, 84; Lino., 86, 90,* 91 
Durham, 102, 104 ; Notts., 106, 109- 
110* ; Som., 114, 118 ; Staff., 120 
122-124 ; Yorks., 146, 152, 152.* 

Peterborough, 4, 6,-7, 26. 

Petersfield, 68, 68.* 

Petworth House, 134. 

Pewsey, 142, 143, 144.* 

Pickering, Vale of, 146, 150. 



Piloot, 66, 68.* 

Pilton, 82. 

Pinhay, 42. 

Pinner, 93, 94. 

Pitsea, 56.* 

Plant Beds, 32, 34. 

Plateau gravel: Dorset, 45; Hants., 
63 ; Kent, 69 : Midx. and Herts., 92, 
93 ; Surrey and Sussex, 129. 

Pliocene : Cornwall, 40, 42 ; Dorset, 
45 ; Essex, 52, 55 ; Kent, 69, 71 ; 
Norfolk, 97, 99-100* ; Surrey and 
Sussex, 129, 130. 

Pluckley, 74, 74.* 

Plumstead, 71. 

Polden Hills, 118. 

Ponder's End, 94. 

Pond Farm, Easterton, 143, 144.* 

Pontesbury, 113. 

Ponton Beds, 90. 

Port Clarence, 105. 

Port Eynon, 158. 

Portisham, 49. 

Portland Beds : Oxon., 8, 12 ; Bucks., 
16, 19, 22; Dorset, 45, 49; Kent, 
69, 74* ; Surrey and Sussex, 129, 
134,* 135 ; Wilts., 140, 143-144.* 

Portland Island, 49. 

Portsmouth, 66, 68.* 

Potter Heigham, 97. 

Prees, 112, 113. 

Prescot, 78. 

Preston, 76-78. 

Preston Brockhurst, 112. 

Prestwich, J., 70. 

Pringle, J., 16. 

Pulford, 154. 

Purbeok Beds — See under Portland 
Beds. 

Purbeck, Isle of, 47-49. 

Purfleet, 52. 

Puriton, 118, 119. 

Putney, 132. 



Q. 



Quainton, 19. 
Quendon, 54. 



Radford, 109. 
Radstock, 117-119. 
Radwinter, 54. 
Rainworth, 110.* 
Raised Beach, 40. 
RamsdeU, 65. 
Ramsey, 56.* 
Ranksborougli, 82. 
Rastall, R. H., 1, 23. 
Rayleigh, 55, 56.* 
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Reade, T. M., 29, 77. 

Beading Beds : Beds., 1, 3, 6 ; Berks, 
and Oxon., 8, 10, 15 ; Bucks., 16, 18, 
22 ; Dorset, 45, 47 ; Essex, 52, 55- 
56* ; Hants., 63, 66, 68* ; Kent, 69, 
71, 72, 74*; Midx. and Herts., 92, 
94, 96 ; Norfolk, 97, 100, 100* ; 
Suffolk, 125, 128, 128* ; Surrey and 
Sussex, 129, 131, 132, 134* ; Wilts., 
140, 142, 144.* 
Kea Valley, 111. 

Red Chalk : Line. 86. 89, 90* ; Nor- 
folk, 97, 100 ; Yorks.. 146, 148, 152.* 
Red Crag: Essex. 55; Suffolk, 125, 

127, 128.* 
Reddown, 144, 144.* 
Reedness, 152.* 

Reigate. 134. 

Repton. 38. 

Rkaetio Beds : Northants., 1,5. 7 ; 
Oxon., 8, 14, 15 ; Cheshire, 29 ; 
Cumb., 32 ; Devon, 40, 44 ; Dorset, 
45, 51 ; Glos., 58, 61, 62 ; Leio. and 
Rutland, 79, 83. 85 ; Line., 86, 90,* 
91 ; Notts.. 106, 108, 110* ; Shrops., 
Ill, 113; Som., 114, 118, 119; 
StafF., 120, 122 ; Warw. and Wore., 
136, 138, 139; Wilts., 140, 144,* 
145: Yorks., 146, 151, 152*; 
South Wales, 155, 157. 158. 

Rhyl, 154. 

Richardson, L.. 58, 114. 

Richmond. 132-135. 

Rickling. 54. 

Ridgway. 49. 

Rillington. 152.* 

.Ringwood, 68.* 

Rissington, 59. 

River Gravels : Beds, and Northants., 
1,2; Berks, and Oxon., 8 ; Bucks., 
22 ; Derbysh., 36 ; Devon and Com- 
waU 40 ; Dorset, 45 ; Essex, 52, 
56*; Notts., 106; Shrops., Ill; 
Staff., 120, 124. 

Roach, 86, 89, 90.* 

Roberts, T.. 1. 

Robin-a-Tiptoes, 82. 

Robin Hood's Bay, 151. 

Rochester. 71. 

Rock-salt. 103. 

Rodbourn Lane, 144. 

Romford. 56.* 

Ronmey Marsh. 71. 

Ropersole. 72. 

Rosedale. 149. 151. 

RoseweU. 56.* 

Rotherby, 80. 

Rother Valley, 36. 

Rotherwick. 66. 68.* 

Rougham. 125. 

Rowthorn. 39. 

Roydon (Essex). 66* ; (Norfolk). 100. 

Ruddington, 110.* 

Rugby, 136-139. 



Rushden. 2, 6, 7. 
Ruswarp, 150. 
Rutland, 79-85. 
Ryhope, 105. 



S. 

Saffron Walden, 56,* 57. 

Saham Toney, 99, 100.* 

St. Agnes Head, 42. 

St. Bees Head, .34. 

St. Bees Sandstone, 32-35, 78. 

St. Erth, 42. 

Sainter, J. D., 29. 

St. George's Down, 63. 

St. Helens (I. of W.) 68 ;* (Lanes.) 78. 

Salcey Forest, 20. 

Salisbury, 67, 141, 142. 

Saltholme, 105. 

Saltney. 154. 

Sandbach, 29, 31. 

Sandgate Beds : Hants., 68, 68* ; 
Kent, 69, 73, 74*; Surrey and 
Sussex, 129, 133, 134. 

Sandleford, 10. 

Sandringham, 100,* 101. 

Sandrook Beds, 68. 

Sandwich, 71. 

Sandy, 25. 

Sandyoroft. 154. 

Sankey Bridge, 77. 

Sapcote Freeholt. 83, 85. 

Saughall, 29. 

Saunders. J.. 1. 

Sawley, 36, 38. 

Saxmundham, 127-128.* 

Scarborough, 146, 149, 150. 152.* 

Sconce, 64. 

Scunthorpe, 90.* 

Seaham, 105. 

Sealands, 154. 

Seascale, 34, 35. 

Seaton (Devon), 42, 43 ; (Northants.), 
82. 

Seaton Carew. 105. 

Seedley. 78.* 

Seend, 144. 

Selbornian Beds : Beds, and Northants., 
1, 3, 6 ; Berks, and Oxon., 8, 11, 15 ; 
Bucks., 16, 18, 19, 22; Camb.,2.3, 
25 ; Devon, 40, 43 ; Dorset, 46, 47, 
48 ; Essex, 52, 56, 56,* 67 ; Hants., 
63, 67, 68, 68* ; Kent, 69, 73, 74* ; 
Midx. and Herts., 92, 95, 96; 
Norfolk, 97, 100, 100* ; Somerset, 
114, 116, 119 ; Suffolk, 125, 128, 128*; 
Surrey and Sussex, 129, 132, 133, 
134* ; Wilts., 140, 143, 144.* 

Selby, 148, 151, 152, 152.* 

Selsey, 131. 

Sevenoaks, 73, 74. 

Severn Valley. 61. Ill, 155, 158. 

Shabbington, 19. 
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Shaftesbury, 42, 47, 48. 

Sharnford,''81. 

Sheering, 54. 

Sheerness, 71, 72. 

Sheppey, Isle of, 71. 

Sherborne. 50. 

Sherfield, 66. 

Sheringham, 99, 100.* 

Sherwood Colliery, 39. 

Shillingford. 11-13, 15. 

Shillington, 48. 

Shipley, A. E., 23. 

Shirdley Hill Sand, 76. 

Shireoaks, 39, 109. 

Shoeburyness, 55, 56.* 

Shooter's Hill, 71. 

Shotley, 127, 128.* 

Shotover Sands, 11, 12, 16, 19. 

Shrewsbury, 111-113. 

Shrivenham, 11. 

Shropshire, 111-113. 

Sidmouth, 43, 44. 

SiUoth, 32. 

Skegness, 89, 90.* 

Skelton, 121. 

Skillaw Clough, 78. 

Slaughterford, 145. 

Slawston Hill, 82. 

Slough, 18, 22. 

Smestow, 122, 124. 

Smethwick, 121, 124. 

Smith, B., 86. 

Snaith, 152.* 

Snettisham Clay, 101. 

Snodland, 71. 

Soar Valley, 79, 106. 

Sodbury, 60. 

Soham, 25. 

Somerby, 82. 

Somerset, 114-119. 

Sotwell, 11. 

Southall, 94-96. 

Southampton, 65-67, 68.* 

South Carr, 90.* 

South Cave, 148. 

South Cemey, 58. 

Southend, 55-56.* 

Southerndown Beds, 157. 

Southport, 75-77. 

South Scarle, 108, 110.* 

Southwold, 127, 128.* 

Speeton Clay, 146, 148, 152.* 

Spilsby Sandstone, 86, 89, 90.* 

Spital Hill, 36. 

Spithead, 68.* 

Spondon, 36. 

Stafford Common, 124. 

Staffordshire. 120-124. 

Staines, 94. 

Stainton, 35. 

vStamford, 81, 82, 90, 90.* 

Stanmore, 93. 

Stansted Mountfitchet, 54. 

Stanthome, 29, 31. 



Stanton-on-the-Wolds, 108. 

Stanwix Shales, 32, 33, 35. 

Steadley, 130. 

Steep, 68, 68.* 

Stewkley, 19. 

Stisted, 56.* 

Stockport, 29-31, 78. 

Stockton. 102. 

Stoke (Norfolk), 100 : (Warw.), 139. 

Stoke Terry, 100, 100.* 

Stoke Goldington, 20. 

Stoke Prior Salt-works, 138. 

Stoke-upon-Trent, 122. 

Stone, 22. 

Stonesfield Slate, 13, 59. 

Stony Stratford, 20-22. 

Stourbridge, 113. 

Stourport, 138. 

Stowell, 117, 119. 

Stowe Park, 21. 

Strahan, A., 75, 155. 

Stratford Mortimer, 10. 

Stratford-on-Avon, 137, 139. 

Streatham Common, 132-135. 

Streatley, 123, 124. 

Strensall, 152.* 

Stretham Perry, 25. 

Stretton Baskerville, 138, 139. 

Stroud, 60, 73. 

Studland, 47. 

Stutton, 128, 128.* 

Sub-Wealden Exploration, 1 35. 

Sudbrooke, 90. 

Suffolk, 125-128.* 

Sundorne, 112. 

Sundridge, 73. 

Surrey, 129-135. 

Sussex, 129-135. 

Sutton (Cheshire), 29 ; (Derby), 39. 

Sutton Mandeville, 143. 

Sutton Series, 157. 

Swadlincote, 39, 84. 

Swale Valley, 151. 

Swanage, 47-49. 

Swanscombe, 71. 

Swansea, 155. 

Swan wick, 66. 

Swaton, 90.* 

Swindon, 142-144.* 

SwingReld, 74. 

Sydney, 28, 31. 



Takeley, 54. 
Talargooh Mine, 154. 
Tamworth, 138. 
Tanat Valley, 111. 
Tarporlev, 31. 
Tate, U.". 146, 151. 
Tatsfield, 134. 
Tawe Valley, 155. 
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Tealby Beds, 86, 89, 90.* 

Tees Valley, 102, 151. 

Teignmouth, 44. 

Telscombe, 132, 133, 134.* 

Teme Valley, 111. 

Tetbury, 145. 

Tettenhall, 122, 124. 

Teversall, 39. 

Thame, 12, 18, 19. 

Thames, River. 71, 73. 

Thanet, Isle of, 71 . 

Thanet Sand : Essex, 52, 55, 56, 56* ; 

Kent, 69, 72, 74* ; Midx. and Herts., 

92, 94, 96 ; Surrey and Sussex, 129, 

132, 134.* 
Thaxted, 54. 
Thompson, B., 1, 3. 
Thorne, 108, 152, 152.* 
Thornton Dale, 147. 
Thrapston, 4. 
Thundersley, 56.* 
Thurgarton, 108, 110.* 
Tilbury, 52, 58, 59. 
Tilbury-juxta-Clare, 54. 
Tilehurst, 10. 
Tilton-on-the-mil, 82. 
Timsbury, 118. 
Titchfield, 66, 68.* 
Tixover, 82. 
ToUesbury, 56.* 
Toot Hill, 144. 
Tottenham, 94. 

Tottenham Court Road, 95, 96. 
Totterdale, 14.3. 
Totteridge, 93. 
Tottemhoe, 3. 
Tottemhoe Stone : Beds., 3 ; Berks. 

and Oxon., 10; Bucks., 16, 18; 

Devon, 43 ; Kent, 72 ; Midx. and 

Herts., 95. 
Towcester, 20. 
Trechmann, C. T., 102- 
Trefonen, 111. 

Trent Valley, 36, 86, 88, 106, 109, 120. 
Trigonia Grit, 60. 
Trimingham, 99. 
Tring, 18. 
Trowbridge, 144. 
Tunbridge Wells, 74. 
Tunbridge Wells Sand, 69, 129, 134, 

135. 
Tumditch, 38. 
Twyford, 112. 
Tynemouth, 104. 
Tyne Valley, 102. 



Uckfleld, 135. 
Uffington, 11. 
Uloeby, 87. 
Ullesthorpe, 81. 
Upavon, 144.* 



Upohurch, 71. 

Upper Calcareous Grit, 148. 

Upper Estuarine Series : Beds, and 
Northants., 1, 4, 6; Berks, and 
Oxon., 8. 13, 14 ; Bucks., 16, 20, 22 ; 
Camb. and Hunts., 23 ; Leio. and 
Rutland, 79, 81 ; Line., 86, 90, 90* ; 
Yorks., 146, 148-150, 152.* 

Upper Greensaad — See Selbornian. 

Upper Keupsr Sandstone, 83, 85, 138. 

Upper Mottl.d Sandstone : Cheshire, 
27, 30, 31 : Lanes., 75, 77, 78* ; 
Shrops., Ill, 113; Staff,, 120,122, 
124; Warw. r/id Wore., 136, 138, 1.39, 

Upper Sandstone (Devon), 40 ; (Somer. 
set), 114, 118, 119. 

Upper Whitbourne, 144.* 

Uppingham, '■"!. 

Upton, 6, 7. 

Upware, 25. 

Ussher, W. A. E., 40. 

Utterby, 87. 



Valley Gravel : Dorset, 45 ; Hants., 
63 ; Kent, 69, 71 ; Midx. and Herts.. 
92; Notts., 106 : Surrey and Sussex, 
129 ; Wilts., 140, 141. 

Vyrnwy, 111. 



w. 

Wadden Farm, Salisbury, 141. 

Wadhurst Clay, 69, 129, 134, 135. 

Wakerley, 81, 82. 

Wakes Colne, 54. 

Walberton, 132. 

Waldershare, 73, 74.* 

Walney Island, 75. 

Waltham Abbov, 56.* 

Waltham-on-the-Wblds, 79, 81 , 82. 

Waltham St. t,".wrence, 10. 

Walthamstow, 56.* 

Walton, 6, 7. 

Walton-on-Naze, 56.* 

Wantage, 11-13. 143. 

Wardour, Vale of, 143, 144. 

Ware, 92, 9G. 

Warfield, 10. 

Wargrave, 10. 

Warmmster, 142, 143. 

Warrington, 77, 78.*^ 

Warwick, 130. 

Warwickshire, 136-139. 

Wash, The, 87. 

Watcombe Clay and Breccia, 40, 44. 

Waterstones : Leic, 83 ; Line, 86. 

90,* 91; Notts., 106, 108, 110*; 

Shrops., Ill ; Staff., 120, 122, 124, 
Watford, 92. 
Watts, W. W., 113. 
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Wealden Beds : Berks, and Oxon., 8, 11, 
12 ; Bucks., 16, 19 ; Dorset, 45, 48 
Hants., 63, 68 ; Kent, 69, 74, 74* 
Surrey and Sussex, 129, 134-135 
Wilts., 140, 143, 144.* 

Wear Valley, 102. 

Weelev, 56, 56.* 

WellaAd Valley, 81, 82. 

Wellington College, 9, 10, 15, 65. 

Wellington, 113. 

Wem, 112. 

Wendell, 54. 

Westbury, 142-144. 

West ©owes, 68.* 

West Dereham, 100.* 

Westerfield, 128.* 

WestFelton, 111. 

West Krle, 133, 134.' 

West Grimstead, 141. 

West Ham, 56.* 

West Hartlepool, 105. 

Westminster, 94. 

Westmorland, 32-35. 

Weston-super-Mare, 114, 119. 

Weybourne Crag, 99, 

Weymouth, 49, .50. 

Whatborough Hill, 82. 

Wheatacre, 100, 100.* 

Wheatfield, 11. 

Wheatley. 12. 

Whitaker, W., 54. 

Whitby (Cheshire). 31 ; (Yorks.), 151, 
152.* 

Whitchurch, 112. 

WhitecUff (Devon), 42, 43 ; (Hants.), 
64-66. 

Whitefield, 144.* 

Whitehaven, 34. 

White Heather Laundry, 96. 

White Lias : Glos., 61 ; Leic. and 
Rutland, 83 ; Notts., 108 ; Somer- 
set, 118 ; South Wales, 157. 

White. Nothe, 47, 48.. 

Whitmore, 122. 

Whitstable, 72; • 

Whittlesford, 24, 54. 

Whitwell, 82. 

Wiokham, 66. 

Wickham Market, 126. 

Widnes, 77, 78:* 

Widworthy, 42. 

Wight, Isle of, 63-68. 

Wigston, 83. 

Wildgreave Farm, 77, 78.,* 

Wilford, 110.* 



Willesden, 95, 96. 

Willoughby, 90.* 

Wills, L. J., 153. 

Wilmington, 43. 

Wiltshire, 140-145. 

Wimbish, 54. 

Wincanton, 116. 

Wincham, 29, 31. 

Windsor, 8, 10. 

Wing, 12, 22. 

Winkfield, 10, 11, 15. 

Winsford, 29, 31. 

Winslow, 20. 

WirraJ, 29. 

Witham (Essex), 54. 

Witham Friary, 116. 

Witham Valley (Line), 88. 

Witney, 15. 

Woburn, 2, 3, 6. 

Woking, 132, 134.* 

Wokingham, 10. 

Wolds (Lino.), 89 ; (Yorks.), 147, 148. 

Wolseley, 124. 

Wolverhampton, 122, 124. 

Womboume, 124. 

Womenswold, 72, 73. 

Woodbastwick, 100.* 

Woodbridge, 128.* 

Woodhall,"89, 90.* 

Woodward, H. B., 16, 26, 136, 140. 

Woolacott, D., 112. 

Woolhampton, 10. 

WooUiston, 113. 

Woolverstone, 128.* 

Woolwich Beds — Sec Reading Beds. 

Wooton-under-Edge, 61. 

Wootton, 63, 64. 

Wootton Bassett, 143-144.* 

Worbarrow, 48, 49. 

Worcester, 137. 

Worcestershire, 136-139. 

Worthing, 132. 

Wouldham, 73. 

Wreak Valley, 79. 

Wrotham, 74. 

Wye, 73. 

Wytham, 13-15. 



Yarmouth, 97, 98, 100, 100.* 
Yellow Sands, 102, 104, 105. 
Yeovil, 117. 
York, 148, 152.* 
Yorkshire, 146-152.* 
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44 OHEJiTENHAM. 'By E. HULL. 2s. 6d. 
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46 SW ... WOODSTOCK. By E. HULL. l8. 
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60 SW ... STOWMAEKET. By W. WHITAKEB, P. J. BESSBTT, and J. H. BLAKE. 2s. 

61 NB ... PARTS of OAMBEEDGESHIEB and SUPPOLE. By W. Whitakeb (and Others). Ss. 

61 SB ... BURS ST. EDMUNDS and NEWMARKET. By P. J. Bbsnett, J. H. Blakb, and W. 

Whitakbr. Is. 
63 SE ... PART of NOETHAMPTONSHIRB. By w. T. AVBLIUE and Biohabd Teekch. 8<I. 
66 S.W. NORPOtK and N. CAMBS. By W. WHITAKEB, S. B. J. SKBBTCHLY, and A. J. 

Jukes-Bbowne. 3s. 

66 SW ... ATTLBBOROUGH. By P. J. BENSBTT. Is. Sd. 

67 NW ... B. DBEEHAM. By J. H. Blake. Is. 6a. 

«7 YARMOUTH and LOWBSTOPT. By J. H. BlAkb. 2s. 

68 NW, S.W PAKBNHAM, WELLS, &c. By H. B. WOODWABD, 28. 

68 E ... CROMER. By C. BBID. 68. 

69 BORDBES OP THE WASH. By W. Whi takbb and A. J. JiTKBa-BEOWNB. 3s. 

70 S.W. LINCOLNSHIRE, &o. By A. J. Jukes-Bbownb and W. H. Dai .tost. 48. 

71 NE ... NOTTINGHAM. By W. T. AtbLisb. (2nd Bd.) Is. 

79 NW ... RHYL, ABBEGBLB, and COLWYN. By A. STfiAHAir. (Notes by R. H. TiDDEMASf.) Is. 6iJ. 

79 SE ... FLINT, MOLD, and EUTHIN. By A. Stsiahah. (Parts by 0. B. DM Eahcb.) 4s. M.; 

Supplement 2rf. 

80 NW ... PEBSCOT, LANCASHIEB. By E. HULL. (3rd Bd.) With additions by A. Sibahak. 3s. 

80 SW ... CHBSTBE. By A. STBAHAN. 28. 

81 NW, SW STOCKPORT, MACCLBSPIELD, CONGLETON & LEEK. By B. HULL & A. H. GBBBS. 48. 

82 NB ... PAETS of NOTTINGHAMSHIRE, YOEKSHIEE. and DEEBYSHIEB. (2nd Ed.) By W. T. 

AVBLISB. 18. 

82 SE ... PAETS of NOITINGHAMSHIEB and DEEBYSHIEB. By W. T. AVBLINB. (2nd Bd.) Bd. 

83 , LINCOLN. By W. A. E. USSHBR, A. J. JUKES-BaowiTB, and A. Stbahan. 3s. 
BAST LINOOLNSHIEE. By A. J. J UKES-BROWNB. 3s. 6d. 
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OLDHAM. By B. HULL. 28. 
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94 NW DEIPPIBLD. By J. E. DAKYirs and C. Fox-STBAHGWAYS. 9d. 
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96 NW V WHITBY and SCAEBOEOUGH, country between. By Q. Eox-STRAJTOWAYa and G. Bareow. 
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ni^TTCSTP. Bv T. V. HOLMES. IS. 3d. 

CHETIOT 'hills. By C. T. Olough. Is. Bd. 
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wnmHAM and TWBEDMOUTH. By W. Gusir. 64. 
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GENERAL MEMOIRS. 

SL'MMAfiy OF PEOGIiESS ol the GBOLOGHCAL STJHVBY for 1807 to 1914. Kiiou !'■ 

PLIOCENE DEPOSITS OP BRITAIN. By C. EBID. 68.6.2. ._ pvrOLAND 9«J 

OKETACEOTJS BOUKS OP BRITAIN. Vol. I. 6AULT AND UPPEB QEBB>i»AMD ^^ , ^Jl^Jg 5.70^;™ 
Tol. II. LOWBE AND MIDDLE CHALK. 10«. Vol. III. UPPBE CHALK. lOs. By A. J. JtlKES BllOWKi 

JUBASSIC" ROCKS OP BIllTAIN. Vol. I. YOEKSHIKB. Ss- Sd. Vol. II. YOEKraiBB, FoBBJlB, 12«. Bjrj 

C. Pox-STRANSWAYS. Vol. III. LIAS OP ENGLAND (Yorkshire exoeptofl). 7«. M. By ±1. ii.wuuu| 
WABD. Vol. IV. The Lower Oolitic Books of England. 108. By H. B. WOODWABD. Vol. V. im 
Middle and Upper Oolitic Books of England. 7«. 6d. By H. B. WOODWARD. 

DISTRICT MEMOIRS. 

MEMOIRS of the GEOLOGICAL SUBVET OP GEEAT BBITAIN. Vol. 1. ESSAYS by SiB H. T. Da LAi 

Bbohh and Others. 21s. Vol. II. Part 1, MALVERN HILLS. By J. PHILLIPS. 2l8. Part SjBSSAYS. 

2U. Vol. III. N. WALES. By SIR A. C. EAMSAI. App., by J. W. SALTER and B. tTBBBIDGB. 

2nd Ed. 3l8. 
GUIDE TO GEOLOGICAL MODEL OP THE ASSYNT MOUNTAINS. By B. N. PEACH and J. noBJfl!. 

Price Id, 
OAMBBIDQB. By W. H. PBITNIira and A. J. JDKEB- BROWNE, is. 6(2. „ „ „ , 

CORNWALL, DEVON, AND WEST SOMBESET. INDEX to DB LA BECHE'S Beport on. By C. BEID. U. , 
DEBEYSHIBE, NORTH. By A. H. Greeh, C. Le NEVE POSTER and J. E. DAKTNS. 2nd Ed. By A. H," 

GBBEir and A. Stbahah. 5s. M. 
FALMOUTH AND TEUBO AND MINING DISTEIOT OP CAMBOENB AND EEDEUTH. By J. B. HlLL and 

D. A. MACALiaPEB. 78. Gd. 
FENLAND. By S. E. J. SkBRTOBLT. 36s. ed. 
HOLDEENBSS. Bt C. Eeid. 48. 

ISLE OF MAN. By G. W. LAMPLUGH. 12s. 

TBETIARY FLUVIO-MAEINE FORMATION of the ISLE OF WIGHT. By EDWARD FORBES. 68. 

ISLE OP WIGHT. By H. W. BRI3T0W. New Ed. By C. BBID and A. STRAHAT. 8s. 6d. 

GUIDE TO GEOLOGICAL MODEL OP INGLEBOROUGH DISTEIOT. By A. STRAHAN. id. 

ISLE OF PUEBEOK AND WEYMOUTH. By A. STBAHAjr. lOs. Sd. 

GUIDE TO GEOLOGICAL MODEL OP ISLE OF PUB BECK. By A. StRAHAN. Sd. 

KENT, ON THE MESOZOIC BOCKS IN SOME OP THE COAL EXPLOBATIONS IN. By G. W. LAMPLDOH 

and P. L. KITOHIH. 3s. Sd. 
LAKE DISTEIOT, NOETHBRN PART OF. By J. C. Ward. 9s. 

LANCASHIRE, SUPEEFICIAL DEPOSITS OF SOUTH WEST. By C. E. DB RANCE. 10s. M. 
LONDON AND PART OP THE THAMES VALLEY. By W. WHITAKER. Vol. L, 6s. VoL U., '5s. 
LYMINGTON AND PORTSMOUTH. By H. J. OSBORSE WHITE. Is. Sd. 
MIDLAND COUNTIES, TBIASSIC and PEBMIAN BOCKS of the. By E. HULL. 6s. 
NORFOLK and SUFFOLK, VKRTEBRATA of the FOEEST BED SERIES of. By E. T. NEWTON-. 78. 6(* 
NORWICH. B'- H. B. WOODWARD. 78. 
RUTLAND, &o. By J. W. JUDD. 128. ed. 

Iron Ores of Great Britain: — 
Part II. SOUTH STAPPOEDSHIBE. Price Is. Part III. SOUTH WALES. Price Is. 3d. 

Coal Fields:— 
YORKSHIRE COALFIELD. By A. H. GRBEIT, E. EUSSBLL (and Others). 42s 

YOBKSHIRE and NOTTINGHAMSHIRE, CONCEALED COALFIELD of. By W GlBSOir Is Sd 
EAST SOMERSET and BRISTOL COALFIELDS. By H. B. WOODWARD. 188 ' ' 

WABWIOKSHIEE COALFIELD. By H. H. HOWELL. Is. ed. 
, LEICBSTEEgHlEE and SOUTH DERBYSHIRE COALFIELD. By C. POX-Strangways G« 
NORTH STAFFOEIWHIRB COALFIELDS. By W.JJIBSOS (and Others). 6« ' 

SOUTH WALES, Coals of. By A. Stbahan and W. Pollard. 2nd Ed. 28 
SOUTH WALES. See under New Series Maps and Memoirs. 

Sanitation and Water Supply: — 
SOILS AND SUBSOILS from a SANITARY POINT OP VIEW. By H. B. WOODWARD. 3nd Ed Is Bd 
NOTES on SOURCES of TEMPOBAEY WATER SUPPLY in the SODTH of ENGLAND and NEIGHEOUBING 

PARTS of the CONTINENT, id. J»Jiit.iusuijBlMU 

WATER SUPPLY OF BEDFOEDSHIRE and NOBTHAMPTONSHIRE. By H. B. WOODWARD and B 

Thompson. 48 M. 
WATER SUPPLY OF BERKSHIRE. By J. H. BLAKE. 3s. 
WATER SUPPLY OP HAMPSHIRE. By W. WHITAKER. 68. 
WATER SUPPLY OF KENT. By W. WBITAKEn. 88. 6d. 
WATER SUPPLY OF LINCOLNSHIRE. Ev H. B. WOODWARD. 4s Bd 
WATER SUPPLY OF NOTriNGHAMSHIRE. JBv G. W. Lamplugh and B. Smith ■,. 
WATER SUPPLY OF OXPOEDSHIRE. Bv H. -H. TIDDEMAS. 2s. 3d 
WATER SUPPLY OP SUFFOLK. By W. WHITAKER. 3s. Sd. 
WATER SUPPLY OF SURREY. By W. WHITAKER. 7s. 
WATER SUPPLY OF SUSSEX. By W. WHITAKER and C. EEID. 3s 
WATER SUPPLY OP SUSSEX fSnpplement). By W. WHITAKEH. 28. 6d 
WATER SUPPLY OF EAST RIDING OP YOBKSHIBE. By C. Fox-STRAKGw,t« Ij 
RECORDS OF LONDON WELLS. By G. BARROW and L. J. Wills. 4s. 6rt. ' 

Museum Catalogues : — 
HANDBOOK TO BRITISH MINERALS. By P. W. BUDLER. Is., and Others 

GUIDE TO THE COLLECTION OP GEMSTONES IN THE MUSEUM OP IMUCTTCM frnrnPT p 
W. P. P. MCLINTOCK.- M. iinilil-AL GEOLOOT. By 

HANDBOOK TO THE COLLECTION OF KAOLIN, CHINA-CLAY AND CHINA-STOVlr ixr thtt. i.t. .■„.. 
OP PRAOTIOAL GEOLOGY. By J. ALLEN HOWB. 3*. 6d. l-"l& A-blO^E IN THE HU^l;UM 

Special Reports on the Mineral Resources of Great Britain in preparation :_ 
VOL. 1. TUNGSTEN AND MANGANESE ORBS. Price Is. 
Vol. 3. BAEYTES AND WITHEHITE. Price Is. 6rf. 

VOL. S. GYPSUM, ANHYDRITE, CBLESTINE AND STRONTIANTTE PHm U 
Vol. 4. FLUORSPAR. "™ "■ 
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